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Background 



Silvcrbrook's bilithic Mcmjet™ printheads are the target printhcads for printing systems 
which will be controlled by SoPEC and MoPEC devices. 

This document presents the format and structure of these printheads, and describes the 
their possible arrangements in the taigct systems. It also defines a set of terms used to dif- 
ferentiate between the types of printheads and the systems which use them. 



Currently, this document is only concerned with the structure of the printheads and their 
systems, with regard to the way in whidb dot data is loaded. 

Refer to the Bilithic Printhead Specification [1] for the complete description of the func- 
tionality of these devices. 

This document relies on certain definitions and details presented in Bilithic Printhead 
Specification [1]. 



It is intended that this document be used as a reference for engineers involved in the 
design work on the SoPEC and MoPEC projects. 



1.1 



Companion Documents 



1.2 



Readership 



Confidential 



October 21, 2002 



2 



Si^rbrook Research 



SoPEC/MoPEC Bilithic Printhead Reference 



4-4-1-6- VI .0 draft 



BiLiTHic Printhead 
Configurations 



Confidential 



October 21, 2002 



3 



Silverbrook Research 



SoPEC/MoPEC Billthic Printhead Reference 



4^-1-6. v1.0 draft 



2 Definitions 

This document presents terminology and definitions used to describe the bilithic printhead 
systems. These terms and definitions are as follows: 

• Printhead Type - There are 3 parameters which define the type of printhead used in a 
system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with 
the printhead shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row, with respect to ). 

• Printheadfootprint(type A or type B, characterized by the data pin being on the left 
or die right of where is at the top of the printhead). 

• Prindiead Arrangement - Even though there are 8 printhead types, each arrangement 

has to use a specific pairing of printheads, as discussed in Section 3. This gives 4 
pairs of printheads. However, because the paper can flow in either direction with 
respect to the printheads, there are a total of eight possible arrangements, e.g. 
Arrangement 1 has a Type 0 printhead on the left with respect to the paper flow, and 
a lype 1 printhead on the right. Arrangement 2 uses the same printhead pair as 
Arrangement I, but the paper flows in the opposite direction. 

• £2]2lQ is always the first color plane encountered by the paper. 

• Dfitfi is defined as the nozzle which can print a dot in the left*most side of the page. 

• The Even Plane of a color coiresponds to the row of nozzles that prints dot 0. 

Note that throughout tHis document, where the various printheads and systems arc pre- 
smted, die printheads always shoot ink down onto the page. 

Figure 1 shows the 8 different possible printhead types. Type 0 is identical to the Right 
Printhead presented in Figure 3 in [1], and Type 1 is the same as the Left Printhead as 
defined in [1], 
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While thepriruheads shown in Figure I look to be of equal width (having the same number 
of nozzles) it is important to remember that in a typical system, a pair of unequal sized 
printheads may be used 



oo o 



Color n 



O Q O 




O O O 



Color n 



Type 0 printhead 

V4. 



CM3 O 



Color 



O Q O 



Type 2 printhead 

^ 



o o 



-©-©- 



Color n 



O ^ O - O 



-e-e- 



Type 4 printhead 

v+ 



> o o o 



Color n 



00 O 
"5 



type 6 printhead 



o o -e || g o o 



lype 1 printhead 



Color n 



000 



O OND 



Type 3 printhead 

v+ 




o o>e 



Color n 



O O G ^-- 



Type 5 printhead 

v+ 



Q Q y 11 fi^e-€ 
000 (S i O O 



Q OK) 



Color n 



lype 7 printhead 



Figure 1. Printhead Types 0 to 7 

Table 1 defines the prindicad pairing and location of the each printhead type, with respect 
to the flow of paper, for the 8 possible arrangemaits. 



Table 1. Definition of the drfferent printhead arrangements 



?^^gjthead^ran^ 


^t|^^^^9^ 






^^^^^^^^^^ 




Arrangement 1 


Type 0 


Typel 


Arrangement 2 


Typel 


TypeO 


Anranoemem 3 


Type 2 


Type 3 


Arrangement 4 


Types 


Type 2 


Arrangement 5 


Typo 4 


Type 5 


Arrangement 6 


Type 5 


Type 4 


Arrangement 7 


Types 


Type 7 


Arrangement 8 


Type 7 


Types 



Confidentfal 



October 21. 2002 



Sifverbrook Research 



SoPEC/MoPEC Bifith'ic Printhead Reference 



4-4-1-6- VI. 0 draft 



3 Bilithic Printhead Systems 

When using the bilithic printheads, the position of the power/gnd bars coupled with the 
physical foo^rint of the printheads mean that we must use a specific pairing of printheads 
together for printing on the same side of an A4 (or wider) page, e.g. we must always use a 
Type 0 printhead with a TVpe 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of print- 
heads, this document only presents two of them. Arrangement 1 and Arrangement 2, for 
purposes of illustration. These two arrangements are discussed in subsequent sections of 
this document. However, the other 6 possibilities also need to be considered. 

The main difference between the two printhead arrangements discussed in this document 
is the direction of the paper flow. Because of this, the dot data has to be loaded differently 
in Arrangement 1 compared to Arrangement 2, in order to render tfie page correctly. 
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3.1 Example 1 : Printhead Arrangement 1 



Figure 2 shows an Arrangement 1 printing setup, where the bilithic printheads are 
airangcd as follows: 

• The Type 0 printhead is on the left with respect to the direction of the paper flow. 

• The Type 1 printhead is on the right. 
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The printheads are facing downwards. 
The ink is beuig shot down onto the page. 
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Figure 2. Identification of printheads nozzles and shfft-reglster sequences for 
printheads in Arrangement 1 
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Tabic 2 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color 0-dot 0 appears on the left side of the printed page. 

Table 2. Order in which the even and odd dots are loaded for printhead Arrangement 
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Figure 3 shows how the dot data is demultiplexed within the printheads. 
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Figure 3. Demultiplexing of data within the printheads in Arrangement 1 

Figure 4 and Figure 5 show the way in which the dot data needs to be loaded into the print- 
heads in Anangement 1, to ensure that color 0-dot 0 appears on the left side of the printed 
page. 
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Figure 4. Signalling for a Type 0 printhead in Arrangement 1 



Figure S. Signalling for a lype 1 printhead in Arrangement 1 
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3,2 Example 2: Printhead Arrangement 2 

Figure 6 shows an Arrangement 2 printing setup, where the bilithic printhcads are 
arranged as follows: 

• The Type 1 printhead is on the left with respect to the direction of the paper flow. 

• The Type 0 printhead is on the right. 



TTie printheads are facing downwards. 
The ink is being shot down onto the page. 
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Figure 6. Identification of printfieads nozzles and shift-register sequences for 
printheads in Arrangement 2 
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Table 3 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color 0-dot 0 appears on the left side of the printed page. 

Table 3. Order in which the even and odd dots are loaded for printhead Arrangement 









Odd 


Loaded first in 
descending order 


Loaded second in 
descending order. 
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Loaded second tn 
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Loaded first In 
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Figure 7 shows how the dot data is demultiplexed within the printheads. 
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Figure 7. Oemuitiplexing of data within the printheads In Arrangement 2 

Figure 8 and Figure 9 show the way in which the dot data needs to be loaded into the print- 
heads in Arrangement 2, to ensure that color 0-dot 0 appears on the left side of the printed 
page. 
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Figure 8. Signalling for a Type 0 printhead In Arrangement 2 
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Figure a Signalling for a Type 1 printhead in Arrangement 2 
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3.3 Conclusions 

Comparing the signalling diagrams for Arrangement 1 with those shown for Arrangement 
2, it can be seen that the color/dot sequence output for a printhead type in Arrangement 1 
is the reverse of the sequence for same printhead in Arrangement 2 in terms of the order in 
which the color plane data is output, as well as whetho- even or odd data is output first. 
However, the order within a color plane remains the same, i.e. odd descending, even 
ascending. 



From Figure 10 and Table 4, it can be seen that the plane which has to be loaded first (i,e, 
even or odd) depends on the arrangement Also, the order in which the dots have to be 
loaded (e.g. even ascending or descending etc.) is dependent on the arrangement. 

If the device controlling the printheads can re-order the bits according to the following cri- 
teria, then it should be able to operate in all the possible printhead arrangements: 

• Be able to output the even or odd plane first 

• Be able to output even and odd planes in either ascending or descending order, inde- 
pendently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to 
the printhead. 
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Figure 10. All 8 Printhead Arrangements 
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Table 4. Order in which even and odd dots and planes are loaded Into the various 
printhead arrangements 



^1^4-MR«ntfioab^^ 






Arrangement 1 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 


Arrangement 3 


Odd ascending loaded first 
Even descending loaded secorMI 


Even descending loaded first 
Odd ascending loaded second 


An^ngement 4 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 5 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending baded second 


Arrangement 6 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 7 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 8 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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1.0 Basic Requirements 

by "Stitching" reticle images, 
ket as 1600 dpi. 

T^ef^tnozzleoftherightchipshouMl^ea^Z^^^^^^^ 
nozzle of the left chip for the same color row. There is no mK n 
same colour) scheme employed. 

1.1 Power Supply 

yddA^posandC^uridsupplyismMe^ou^^^^^^^ 

chip using conductive adhesive to bus bar bes^eAe^s^v P^^^^^^p^^lem 
(12V was considered for Vpos but routog of CMOSVOa ax 
ov«- the length of the chips, but this wdl be revisited). 

1.2 MEMS cells 

during this ptdse. 
1.2.1 ISSUE!!! 

Por . pages per 2 second, «r -300 ^ • i^rfiJe"^.":!"^.?^. 
toe. mt is about 8 Amperes if all nozzle fire. 

ThatisS Amp^csisforonly 1 colo.., 16A • 6 colours - 96 A for al. colours. 
„o.n^,co,ourscou,apn.a^sa^;^e^^^ 

oois at the time are required, to create map "' ri ,,.,4 „verai!e of InfiaRed ink. 
ground). But .he ^^^^^^^^^ 'uiX^5y,,hepeakcou.db.a.. 



1.2.2 64uin unit cell height 

This 0.11 would havc4toespacu>g~d..oddand«.«. dots. »d81,nc spacing 
between adjacent colours. 
123 80 um unit cell height 

T^iso.Uwou,dha«51in.sp.=ingbc.wcen*.oda»a.vcndo«.«.d.01i«=spaoing 
between adjacent colours. 

1.3 Versions 

1.3.1 6 Colour 1600 dpi with 64 um unit ceU 

Left and Right Chip. This version wiU not be prototyped. 

1.3.2 6 Colour 160Q dpi with 80 um unit ceU 

Left and Right Chip. 

1J.3 4 Colour 800 dpi with 80 um unit ceU 

For camera application. Single nozzle row per colour. 

This version wiU not be prototyped. 

1.4 Air Supply 

AirmustbesuppliedtotheMEMSregion through holes in the chip. 

2.0 Head Sizes 



2664 



^ ' TTTIcTr^^ritchParts" -D* 118+104)* 12. Nozzles per row 

wS^out, nxanages to avoid this set, without any loses. 



3.0 Interface 

Each p™. head h» U» san^ I/O signal, (bu. l^^-* X ^^S^tfm'^" ^ 
Sferent pin out). Pins raaAed as coimnon can be controUed by me s gna. 



TABLE 2, I/O pins 



Name 
Oata[0'JJ 



ReadL 



FrClk 



I/O 



Function 

iDot data for colours 0 - 5, using Diftcrcnti^ Sigiialliug 
(DataL the complementary signal). colourslO-21 on 
pataTOL colour[3-51 onPata[ll 



Common 
No 



jFeedback for CMOS testing (LSyncL--h ReadU-G) 
land {LSyncL^, ReadL^O) 
|[0] - nozzle test result 
' temperature 



complementaiy signal of Data[0>l]^ 



iFeedback for CMOS testing {LSyncL^l. ReadL^) 
land {LSyncL^y ReadL=0) 
nO] - nozzle test result 
1(1] - temperature 



M ij - ^ 

iB^ta shift clock using Differential Signallmg 
(SiClkL t he complementary signal) 
c omplementary signal of SrClk 



No* 



DatalO-n/DataLtO-l] in output mode (driving noiwlif- 
Iferential) 



^ Ipire pattern shift clock 



Ipulse Profile for all colours 



Yes 



600" 



Yes 



Yes 



1' 



n jo ..Capture dot data for next print line 

— ' -' I II 1,111,1 p-i-— 1-» — to point. 

a. Functionally could be common, but for tjmmg/electncai leasom 

b. 300 MHZ clock, so edges are 600 Mhz rate 

c , MHzcyde.buttheresolutionofthen«rk/spacenUiomayrequ.re50ns, 
d 10 kHz cycle, with minimum low pulse of 10 ns (no maximum), 
controller (SOPEC). 



0.1« 



3.1 Dot firing 

Tcfi«.nozzl..*«..i^^-ne^.Ado.d3.a,atosigna..an..prome.Whenan 
signals are high, the nozzle wUl fire. 
FIGURE 1- Print head structure 



CO 

a. 




and clocked into the chjp "^^^^^^,7^^^^^^^ the dots are shifted into the 

as Dot[0-2J on Data[0], and Dot[3-5] on ^fjfj^^-^,^ ,^ ^ jow pulse in 

dot shift register, tlus data - Srfo™T^.e^o?ta^^^ ^foe the nozzle. The use 

stmeSne the dot pattern in the flot latch ,s been fired, 
.crossthetopofacolun^fno^es — 

again vSth one register bit in each direction flow. 



FIGURE 2. Column Structure 
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SrCIki 



Oot(0] 
SrClko*^ 



enables 



. * r ♦v^ c^iorf <5hift Realster that runs the length of the 
The select register forms the Select ^^^^ registers is used to enal 

selects the reverse direction fire register. 
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i,2 Dot Shift Register Orientation 



rint head that fonn complete bi-Uthic 



FIGUBE 3. print head dot shift register dot mapping^ 



1 Paper Movement 




-Left Print H^- (»«») 



w the foUowing data streams wiU need to provided. 
With tlus mappmg. «»e louowiug 

..^r.. Head Combina ^^^-^- ««i^°a«en.s i^^^f^l^ 

Left Head 

, r 1 dot order ^ L i s 4^75 4077,4079,1 line y+^l 

_J fe^ MO 13818 ...5500 ^498.5496,1 line y+5 



^8 ri 3 5. ...8323.8325.8327,1 Imc y+5] 
"''|8W324^^ 



;?rdrris 9739,9741.9743.1 line y+51 
9744H1 ,3,3,—.' ' • ^. ,. ^ I 
' Q742.9740.973R 4.2.01 ime y | 

r" 1 irQ 74S.97447.974V -.^Q^^ - ^ urn CX CD 

pulses (and 3L+1 rising edges). - 



FIGURE 4. Data Timing During Printing 
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3 3 Fire Shift Register 

that(4800A)! 

^ i^^* «hift rcaisters aUow the generation of a hori- 
m fire shift register and ^^'^^If^^'^^^S'^othave a discontinuity of a "saw 
zontal print line Oxat on cl.se m^^ 
tooth" pattern. Figure 5 a) &b) but a snar 



FIGURE 5. Print quaUty 




IT ot tVif* <;aine time starting 

TOs is done firing 2 "0^«f ^Tst^ii ft- and 
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To achieve this fire pattern the fire shift register and select shift register need to 
be set up as show in Figure 6. 



FIGURE 6. Fire and Select Shift Register setup for printing 



• *0000000 0001111111. . . .1110000000. . . .0001111111. * 



£lre shift 
real St ex- 

.111 seloot shift; reff 



The pattern has shifted a * T into the fire shift register every n^^ positions (where n is 
usually is a minimum of about 100) and n * I's, followed n *0's in the select shift 
register. At a start of a print cycle, these patterns need to be aligned as above, with the 
"1000..." of a forward half of fire shift register, matching an n grouping of ' T or 
*0's in the select shift register. As well, with the "1000..." of a reverse half of the 
fire shift register, matching an n grouping of * T or *0's in the select shift regis- 
ter. And to continue this print pattern across the butt ends of the chips, the select 
shift register in each should end with a complete block of n * Ts (or 'O's). 

FIGURE 7. Fire Pattern across butt end of Print Chips 



.1110000000. . • .0001111111. . . .111 
Ztoft Print Head Fin/Select sk 



1111111 .... 1110000000 .... 0001111111 
Right Print Head Fire /Select 8R 



Since the two chips can be of different lengths, it makes initialisation of these pattern 
difficult. This is solved by building initialisation circuitry into chips. This circuit is 
controlled by to registers, nlen(14) and count(14) and b(1). These registers are 
loaded serially through DatafOJ, while LSyncL is low, and ReadL is high with FrClk, 



FIGURE 8. Fire Pattern Generation 
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cloQksdhy FsCIk 
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serial load path enabled by Scan 



fire shift «^fligter 

clocked by fsclk a gated t HSlk 



select shift register 



clocked by SelClk a gated FrClk 



The scan order from input is b, n(13-0],c[0-13], therefore b is shifted in last 
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The following table shows the values to programme the bi-lithic head pairs using a fire 
TABLE 4. Head Combinations Initialisation for /i=100 



Nozzles 
La 


Nozzles 
Lb 


nl«n(A&B)- 


county «= 
(L/J2) mod n 
-1 


bA 


be 


(Lb/2) mod n 


' countfi = 
(L;^*LB+r«m) mod n 
-1 


9744 


4080 


99 


71 


0 


0 


40 


3 


8328 


5496 


99 


63 


0 


0 


48 


79 


6912 


6912 


99 


55 


0 


0 


56 


55 



and once the registers are initialised with LA FrClk cycles (ReadL=='0', LSyncL='r). 
rem would be the correct value for counte if chip B was only clocked (FrClk) Lg 
times. But this chip will be over clocked L^-Lb cycles. The values of and arc 
either the same or inverse of each other. The actually value does not matter. They need 
to be different from each other if the select shift registers would end up with differ- 
ent values at the butt ends. If Q^/J2n) is even (and county is non zero), then the fmal 
run in * A's select shift register will be ! b;^. If (Ly^-LB/2) mod n is even (and counts is 
non zero) then the final run in *B's select shift register will be Ibe- 



FIGURE 9. Determining Select Shift Register valoe 

HcftdA 



3 



>■ IjjJ2 select shift register length 



. count^*1 



HeadB 



LL 



^ V^fl select shift register length 




eountB'*'1 
bB 



3.4 Profile Pattern 

A profile pattern is repeated at FrClk rate. It is expected to be a single pxilse about lus 
long. But it could be a more complicated series of pulse. The actual pattern depends on 
the ink type. 

The following figure show the external timing to print a line of data. In this example 
the line is printed in 8 cycles of FrClk, 
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FIGURE 10. Timing for printing Signals 
Lsyncll jj 

ReadL 




3.5 Interface Modes 

The print heads a eight different modes controlled by signals ReadL and LSyncL. As 
seen in Figure 9 with both LSyncL and ReadL high, the chip in normal printing mode. 
Some of these mode can operate at the same time, but may interfere with the result of 
the other modes. 



TABLE 5. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


1 


1 


Normal Print Mode 


SiClk=Srak/3 

frclk=FrClk 

Seiak=0 

FsClk-FrClk 

Scan=0 

CoreScan^ 


X 


0 


Dot Load Mode 

• Dot latches are open, loaded with Dot shift regis- 
ters, latch once LSyncL returns to 1 (this happens 
regardless of ReadL) 

• Enables Dot Shift register to capture fire result. 




1 


0 


Fire Load Mode 

• DatafO] will shift through nien, count and b with 
FrClk 


SrClk^X 

frclk^X 

SelCIk^X 

FsClk=FrClk 

Scan=l 

CoreScan^X 
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TABLE 5. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


0 


I 


Reset Nozzle Test 

• Resets the state of nozzle test circuit 


Srak=SrClk 

FrClk=FiC!k 

SelClk=FrClk 

FsClk=FrClk 

Scan=0 

CoreScan»l 


0 


1 


CMOS testing mode 

• The contents of the dot shift registers are serial 
shifted out on Data[0'l] with SrClk 


0 


1 


Fire Initialise mode 

• The contents of the fire shift register and select 
shift register is generated with FrClk 


0 


0 


Temperature Output 

• The series of Delta Sigma output are clocked out on 
DatafO] with FrClL The sum of these bits represent 
the temperature of the chip. 


SrCllp=X 

frcDcM) 

SelClk=0 

FsClk=0 

Scan=0 

CoreScan=X 


0 


0 


Nozzle Test Output 

• The result of a nozzle test is output on Data[ 1 ]. 



3.5.1 Printing 



Figiare 1 0 shows show timing for normal printing. During this action, we drop out of 
Normal Print Mode^ to Dot Load Mode between line transfers. For printing to perfonn 
correctly, no other signal should be stable. 

3.5.2 Initialising for Printing 

To initialise for printing the fire shift registers and select shift registers need to setup 
into a state as shown in Figure 7. To do this the chips are put into Fire Load Mode and 
the values for nien, count and b are serially shifted from Data[0] clocked by FrClk. 
As the two chip have separate Data line, and common FrCIk, this happens at the same 
time. Once this is done, mode is changed to Fire Initialise Mode, and fiuther jprClk 
cycles are provided to both chips. During all these operation Pr should be low, to pre- 
vent unintentional firing for nozzles. 
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FIGURE 11. Initialising Print Heads 
l-syncL 



ReadL 



DataAiO] ( bA, lnen[13-0), comitfO^l?!^ y 
DataarO] ( 1>b> incnjia^l, count[0-13|B V 



SrClk 



Pr 



Fire Load Mode 



m 



Fire Initialise Mode 



3.5.3 Nozzle Testing 

Nozzle testing is done by firing a single at a time a monitoring the Data[l] pin in the 
Nozzle Test Output mode. 

Each nozzle has a test switch with closes when it nozzle is fired. All 12 switches in a 
nozzle colunm are connect in parallel to the following circuit. 

FIGURE 12. Nozzle Test Latciiing Circuit 



Testout 




This circuit is initialised when ever LSyncL is high and ReadL is low (Reset Nozzle 
Test mode). This forces all ^'switch nodes'* to low, and the feedback through lower NOR 
gate wiU latches this value. With LSyncL low and ReadL still low (Nozzle Test Output 
mode) the Testout of the first nozzle column is output on Data [1 J. If any switch is 
closed, the switch node of this coliram will be pulled up, and will ripple through to the 
output as transition firom high to low. 
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FIGURE 13. Nozzle Testing 
LsyncL 



ReadL 

SrClk^g~ 
FrCIki^ 



Pr 



A. 



Jl 



Set up Test 



Reset Nozzle Test Mode 



Nozzle Test Output 
Mode 



Setup 
Test 



Nozzle testing requires a setup phase in order to fire only one nozzle. There aie many 
ways to achieve this. Simplest might be to load a single colour with 101010 through the 
even nozzles, and 010101 for the odd nozzles (0*s for all other colours), and set up a 
fire pattern with n = With this fire pattern only one nozzle will fire in each Pr 
pulse. After firing in Nozzle Test Output mode, a single FrClk will advance to next 
nozzle, then Reset and Test, After cycles of this testing, a single 5X7/*: will 
advance the dot shift registers to setup the imtested nozzles of this colour, and another 
cycles of FrClky Reset and Test will finished testing this colour. Then repeat test 
procedure for other coloxirs. 



3*5.4 Temperature Output 

This mode is not well defined yet. In this mode, DatafOJ will output a series of ones 
and zeros clocked by FrClk. After a (currently unknown) number of FrClk cycles the 
sum of this series will represent the temperature of the chip. Clocking fi^quency in this 
mode it expected to be in the range lOkHz - IMHz. 
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FIGURE 14. Temperature Reading 
LsyncL | 



ReadL L 
Data[0] — Q 

SrClk 

FrClk 

Pr 



The Frequency of FrClk and the number of cycles need to be programmable. Since this 
mode cycles FrClk^ the resuh of fire shift register and select shift register would be 
changed, but in this mode FrClk is disabled to these circuit. So printing can resume 
without reinitialising. 



3.5.5 CMOS Testing 

CMOS testing is a mode meant for chip testing with before MEMS as added to the 
chip. This mode allows the dot shift register to be shifted out on the Data [0-1] pins. 
Much like the nozzle test mode, the nozzles are fired while LSyncL is low, but during 
the firing SrClk will be cycle, and the dot shift register will load the signal that 
would fire the nozzle. Once capture, the result can be shifted out. 

FIGURE 15. CMOS Testing 

LsyncL "* 



ReadL 



Dataj 

SrClkj 
FrClkl 



Pr 



Set up Test 



ji 



n. 



Dot Load Mode 



CMOS Test Output Mode 



The Dot Load Mode above violates normal printing procediure by firing the nozzles 
{Pr) and modify the dot shift register (SrClk). 
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4.0 Reticle Layout 



To make long chips we need to stitch the CMOS (and MEMS) together by overlapping 
the reticle stepping field. The reticle will contain two areas: 

FIGURE 16. Reticle Layout 



^ 20 mm max. ^ 




The top edge of Area 2, pad end contains the pads that stitch on bottom edge of Area 1, 
CORE. Area 1 contains the core array of nozzle logic. The top edge of Area 1 will stitch 
to the bottom edge of itself. Finally the bottom edge of Area 2, butt end will stitch to 
the top edge of Area 7. The butt end to iised to complete a feedback wiring and seal 
the chip. 

The above region will then be exposed across a wafer bottom to top. Area 2, Area 7, 
Area 7.. Area 2. Only the pad end of Area 2 needs to fit on the wafer. The final expo- 
sure fo Area 2 only requires the butt end on the wafer. 
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FIGUKE 17. Stepper Pattern on Wafer 




4.1 TSMC U-Framc requirements. 

TSMCwttlteb.i.dtagusto«10nm.x0.23nn.»bichwiUbeplac«.eitesidc<>f 

both Area J and Area 2. 

TSMC r^iuires 6 a^a for ^"^i-f ~ ^^^.^^rJ^T^^Sf^'.^ 
to 3 mm on the reticle, as some recUcles are 2x size, wmie 

must be used. 
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1 Introduction 



1 .1 Document History 











1.6 


29 November. 2002 


Simon Walmsley 


Updated ChipA to be ChipR to match proto- 
cols document, got rid of 68k reference now 
that we are using LEON. 


1.5 


26 November, 2002 


oimon waiinsiey 


Added description of storing more than a sin- 
gle SoPEC Jd key in a PRINTER^QA Cm sec- 
tion 3.5.3 and related). This reduces the cost 
of a mutti-SoPEC system v«th no loss of secu- 
ritv. 

Also added text to describe fliat batch keys 
can be different for each SoPEC if the indirect 
upgrade key protocol is used. 


1.4 


9 September, 2002 


Simon Walmsley 


Added section in requirements detaiBng types 
of attacks we care about and don*t care about. 


1.3 


30 August 2002 


Simon Walmsley 


Changed ComCo_OEM_xxxx variables Into 
simply xxxx variables, since that is more 
generic. Added text regarding ink refill. Added 
extra software authentication stage to prevent 
ComCos from Oddllng with SoPEC software. 


1.2 


29 August 2002 


Simon Walmsley 


Added section on how the PRIN i tR_QA chip 
gets programmed wtth the SoPEC Jd_key. 


1.1 


28 August 2002 


Simon Walmsley 


Updated to have Ink and operating parameters 
be authenticated via symmetric key based sig- 
natures t>ased on a unique SoPEC.W- 
Updated after review. 


1.0 
0.2dran 

0.1 draft 


27 August 2002 
26 August. 2002 

26 August. 2002 


Simon Walmsley 
Simon Walmsley 

Simon Walmsley 


Changed publfo-koy and private key refer- 
ences to asymmetric & symmetric respec- 
tively, so private can now sub-iefer to the 
private key of the asymmetric pair, or the sin- 
gle private symmetric key. Changed OEM Jd 
into ComCo_OEM_license_id to more accu- 
rately reflect the scope of the kJ. 
Initial issue. 



1.2 REFERENCES ^ . 

m Simeon & SottwuK Systems. 4-4-9-4 SoPEC Hardwire Design. 

(21 Silveibiook Research, 4-2-J-J Print Engine Controller Hardware Design. 

[31 SilveArook Research. 4-3-J-2 QA Chip Technical Reference. 

[4] Silveibiook Research. 4-3-1-8 QA Chip Programmer Requirements. 

[5] Silverbrook Research, 4-3-J-26 Authentication Protocols. 



1.3 Scope 

TOs document describes the basic security requirements of programs J" 
SoPEclsiC [1]. It then describes an implementation solution to the security require- 
ments. 
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1.4 READERSHIP 

•ms document is written for softwaze engineers and 

Lfh SoPFC as well as PCB designers that are responsible for SoPECbased i^nt 
document useful. 

nris document is also intended to be read by those responsible for key management and 
associated database designers with regards to guiding requirements. 

TTus document is confidential to Silverbrook Research Pty. Ltd. and te di«ribution out- 
side this organisation amsl be covered by a non-disclosure agreement (NDA). 

15 OA Chip "TfeRMiNOLOGV 

The Authentication Protocols document [51 refers to QA Chips by their function in paitic- 
ular protocols: u r%A 

. For authenticated reads. ChipR is the QA Chip being ^^^^ ChipT is the QA 
Chip that identifies whether the data read ftomChipR can be trusted. 

. For replacement of keys. ChipP is the QA Chip being P"»S«^^^ ^'^^^^fj' 
and CUpF is the factory QA Chip that generates the message to program the new key^ 

. For upgrades of data in memory vectors. ChipU is the QA Chip being upgraded, and 
Chips is the QA Cbip that signs the upgrade value. 

Any given physical QA Chip will contain flmctionality that allows it to operate as an 

entity in some number of these protocols. 

Therefore wherever the terms ChipR, ChipT. ChipP. ChipF. ChipU and ChipS are used in 
SlSl^^«^«ferring to to^/ entities involved in an authenticatxon protocol 

as defined in [S]. 

Physical QA Chips are referred to by their location. For example, each ink <=^^^ 
S^ute a QA CWp refeixed to as an INK.QA. with all INK Q A chjps 
S^sical bus. In the same way. the QA Chip inside the pnnter is referred to as 
PWNTER^QA. and vnll be on a separate bus to the INK_QA chips. 
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2 Requirements 

2.1 SECURITY 

The basic functional security requirements are: 

- SUverbtookcodeandOEMprogramcodeco-existingsafely 

. saveibrook operating parameters authentication 
. OEM operating parameters authentication 

• Ink usage authentication 

Each of these is outlined in subsequent sections. 

This anflientication reqiurements imply that: „_^„ 

code. Tbe execution model engaged f^^.^^^^C B onewli«e^ 

forms an operating system ^^'^^'^'^'^^^^'^(S^^coJmy^ run in 

pipeline, interfeces to communic^om chamels «c 

activated. 

A basic requirement then. for SoPEC. is » °4j:,;t'oEM'^^ 

verbrook and OEM P~g«-,^,«^rst;:^^r^^^^^ 'eSrely on SoPEC 

;^ss:Ss(s:rj?crL™^^^ 

be restricted to Silveibrook program code only. 
21^ Sllverbfook operating parameters authentication .^„fo„enainB 
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•ms i,npl>« •>«. OEMS »d ^^.."T^r^^^ eTcio-u. Wi0.» SUv«l,n»k 
brook program code or data, nor be aoie lo cwi uii«* 

program code. 

However ««e OEM „». b. ^ «' »»*ly-.«» .^^g a» Pn« E„Si~ « 
2.1.3 OEM «»r«ln, p».m.tt« »"«""««»«°V „ ^„ of .be Si.ve,- 

«rtt able to tamper with or replace vjcjyx fiw&* . , , 
^itt^^pS SIp blocks or s^vice-reUted pcnphcnds. 

2.1.4 ink usage authentication - .^^ma to a business model. For example. 

Each OEM sells printer ''-{^^^ l^^,:iT^X^Z s^^ the same featured 

brSrdlL^^e'^STl^VS.^sm^^ 
of OEM2 printcis can only use OEMj ink. 

sr^^roSseter^r^s^"-"- 

. ^o b> «.e ««e«, »'-i-£rC« ^^•^'^^"^ 
S^^-S:=S:.to"^«^^S.br»Sn..-esl^-«"«U- 

O ^ ACCEPTABLE COMPROMISES . 
S.«e«.».U.op»..ea..pb^^.V^^;^M^^^^ 

etc. It is impossible to guaid against such an attack. 

we are really only concerned ^^Sfu^^^^^^^ 
of printer operating parameter Saced by one that can be down- 

such an attack is where the S;lv«b?ok pn^^^^^ « «pl ^ V ^^^^^ 
loaded from the i»temet,^d this done O^^ ^^lo^ly a hack« or by a rogue OEM is 



not important 
of the license agreement. 



1. a franking machine prints stamps 
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SilverbrooK Research . 

upgrading the single P"^^!^,^/,^^ ,l^<^se. However it doesn't mean we have 
print engine, that .s an acceptable ^^^Pl^^^^to accompUsh this, 
to make it totally simple or cheap for the end-user xo ac v 

. since they can be transmitted via the inter- 

Software-only attacks are the f^S^^^f^T^Stion attacks are far less problematic, 
r^ct and have no perceived P^y^trSfiS ^ to be physically modified, 
since most printer users are not ^"'^'y'l^^'^''^^^^^ likel J to exceed the price 
This is even more true if the cost of the physical moainca 
of a legitemate upgrade. 

p,^„. I, -"^sif sss "XX rss 

rity. 

o 1 IMPLEMENTATION CONSTRAINTS 

2.3 IMPLEMCN iM 2 1 must also meet certain unplemen- 

Any solution to the requirements detailed m Section 2.1 must 
tation constraints. These are: 

• No flash memory inside SoPEC 

• SoPEC must be simple to verify 

. Silverbrook program code must be updateable 

• OEM program code must be updateable 

. Must be bootable from activity on USB or ISI 

• N°-«p^-^°'"'"^f"'::!/r(rSinthepr^^ 

. Cannotmistthecommscha^to^eQA^p. 

• Cannot trust the comms channel to the QA uup m u.c 

• Cannot trust the ISI comms channel 

These constraints are detaUed bdow. 



few biu. 



2.3^ SoPEC must be simple to verify 

All combinatorial logic and embedded ^^^^^^^^f^rS verification 

before numufacture. Every increase m complexity m either 



effort and increases risk. 

2.3.3 



verified completely (see Section 2.3.1) 
correct for all possible future uses of SoPEC systems 
finished in time for SoPEC manufacture 
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Therefore the complete Silverbrook program code must not permanently reside 
SoPEC. It must be possible to update the SUverbrook program code as enhancements to 
functiooality are made and bug fixes are applied. 

In the worst case, only new printers would receive the new functionality or b^g Axes, to 
the best case, existing SoPEC users can download new embedded code to enable fancnon. 
ality or bug fixes. Ideally, these same users would be obtaining these updates from the 
OEM website or equivalent, and not require any interaction with Silverbrook. 

2.3.4 OEM program code must be updateable 

Given that each OEM will be writing specific program code for printers to have not yet 
been conceived, it is impossible for all OEM program code to be embedded ra SoPEC at 
the ASIC manufacture stage. 

Since flash memory is not available (see Section 2.3.1). OEMs cannot store their program 
code in on-chip flash. While it is theoretically possible to store O^^P/°««^.f?^ " 
ROM on SoPEC. this would entaU OEM-specific ASICs which would be prohibitively 
expensive. Therefore OEM program code cannot pemonenrfy reside on SoPEC 

Since OEM program code must be dowidoadabie for SoPEC to execute, it should tiiere- 
fore be possible to update the OEM program code as enhancements to functionality are 
made and bug fixes are applied. 

In the worst case, only new printers would receive the new functionality or bug fixes. In 
the best case, existing SoPEC users can download new embedded code to enable fonction- 
ality or bug fixes. Ideally, these same users would be obtaining these updates from the 
OEM website or equivalent, and not require any interaction with Silverbrook. 

2.3.5 Must be bootable from activity on USB or ISI 

SoPEC can be placed in sleep mode to save power when printing is 

not preserved in sleep mode. Therefore any program code and data in RAM will be lost. 

However. SoPEC must be capable of being woken up from the host when it is time to print 

again. 

In the case of a single SoPEC system, the host communicates with SoPEC via USB. 

In the case of a multi-SoPEC system, the host typically communicates widi the ISI Master 
chip (e.g. the ISI Master could be SoPEC. and the comms is USB), and can send messages 
to other slave SoPECs via the ISI master. Tbt ISI master SoPEC relays these messages to 
the slaves via the ISI. 

Therefore SoPEC must be capable of being woken up by activity on either the USB or on 
the ISI. 

2.3.6 No extra pins to assign IDs to slave SoPECs 

In a single SoPEC system the host only sends data to the single SoPEC. However in a 
multi-SoPEC system, each of the slaves needs to be uniquely identifiable m order to be 
able for the host to send data to the correct slave. 

Since there is no flash on board SoPEC (Section 2.3.1) we are unable to store a slave ID 
(eg 4 bits) in each SoPEC. Moreover, any ROM in each SoPEC will be identical. 
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2.3.7 



tions, and fuither pins would add to the cost. 

cnno. .rus. .h. comm. chann- to ... OA Chip in printer p.R.NTER.QA, 

uannot wu ™ stored in the non-volatile memoiy of the Pnnt 

If the V:^-^^^^^^^^^^^; b^^li iverbrook and OEM program code cannot 
Engine's on-board PRINTER^yA f "P- °" . ^^■^^^^ for an end-user to replace 

relv on the communication channel bemg secure. U is possioie iw »u 
tol P^N?ER.QA chip or subven the communications channel. 

cannot tn,st the comntschanne. to the OA Chip .n the ink cartrtdges(.NK^^^^ 

ory of that ink cartridge s INK_QA qa being secure. It is possible for an 

9 10 Cannot trust the ISI comms channel 

2.3.9 cannot irusft , ^nole SoPEC system that has a non-USB connection to 

Inamulti-SoPECsy^e^orm^^e-SoPEC ^ possible for an 

^nV'r;t:s:Sa:r^~™«^-«^ 

man-in-the-middle attacks). 



2.3-8 
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3 Proposed Solution 

A proposed solution to the requirements of Section 2. can be sununarised as: 

• Each SoPEC has a uinquc id 

• CPU with mcr/supervisor mode 

• Memory Management Unit 

• SoPEC ISI identification 

31 EACH SoPEC HAS A UNIQUE ID 

Ead. SOPEC needs to contains a unique ^''^^^-''^Jl r'^^^fc ' 
t>PECJd is used to form a symmetric key unique to each SoPEC. SoPEC_idJ^. 

T.. verification of operating parameters and ^ -S^^J^t^^'^^l^ ^^^^ 
culttodet^mine-E^fficult^^^^^^ 

mine fbc id via software, or by viewmg me con specific test pins on the 

3 2 CPU WITH USER/SUPERVISOR MODE 

V8 instruction set). 

Silverbrook (operating system) program cbde will run in supervisor mode, and all OEM 
program code will r\m in user mode. 

3 3 MEMORY Management UNIT 

SOPEC contains a Memoiy Management Unit <»2tl1^io^^'Sr'^^^^ 
DRAM by defining read, write and J^J™:;^^^ ^In settings. 



I . On IBM's GUI 1 process this chipld is 80 bits. 
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mitted. 
DRAM. 

• «o„ to all the non-valid address space should be trapped, regardless of user 
XeJ:^rmraS^:^essoftheaccessbe^^ 

pemUssion to - 

Wocks) is supennsoi tail wnte «c««^ "LJopIO »nd r,mer resisteis can dso ta 

!n,.U.ddc. DRAM s,»o.d « <^--^»^^f, 
dereferencing to be trapped 

V..th respect to the DRAM and PHP ^/^^^^^^^^ 

read/wiite/execute mode I^««"^^J*J'*g^ p^j^am code, and 0/0/0 elsewhere. By 

for OEM program data, 1/0/1 «8'«f °/ S^te/ex^^ute permissions for this 

contrast we would typically set ^"P^^'J^S^^ "Se in sup^r mode), 
memory to be l/l/O (to avoid accidentally executmg user ^ 

i c-.,4«« 1 n should only be accessible in supervisor mo^. 

access. 

•id SPECIFIC ENTRY POINTS IN O/S ^„ 

3.4 orcein even call functions in supervisor code space. 

implementation for this depends on the CPU. 
on the LEON processor, the ^ 

and supervisor mode in a controlled w^ ^J^^'j^ supervisor code space in supervisor 
sor register sets, and calls ^^^f^^^^^^ and then returns to &e caller m 
mode. The TRAP handler dispatches the service requ . 



user mode. 



generalised print fimcUon wiU set PEP registers app v 
updates occur. 

T.. LEON 1,0 -lows .-P.MSO, CO.. » - «»* ^ 
of ways that this functionality can be implementect 
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3.5 Boot Procedure 

3.5.1 Basic premise 



The intention is to load the Silvcrbrook and OEM program code down i^^ojf^ 
SlJ wSt can be subsequently executed. The basic SoPEC therefore. ^^^^^J^^' 
S^f Soading program code. However SoPEC must be able to guarantee that only 
^l^orSdsS^rt rook boot programs can be downloaded, otherwise anyone could mod- 
tr^^/S to iShing. a^d download that - thereby bypassing the licensed oper- 
ating parameters. 

We perfonn authentication of program code and data using asymmetric cryptography and 
without using a QA Chip. 

Assuming wc have already downloaded some data and a 160-bit signature into eDRAM. 

the boot loader needs to perform the following tasks: 

. nerformSHA-1 on the downloaded data to calculate a digest toc«/Z>ig«t 

: 'pSZ Metric decryption on the downloaded signanne (160-b,ts) usmg an 

asymmetric public key to obtain airt/«>ffe«fDigcjr ^.,v.cion» 
. l/h^lDigest = authoruedDiges,, then the downloaded data is •f'O^^^J^"^; 

tu^tSS have been signed with the asymmetric private key) and control can then be 

passed to the downloaded data 

probed and flie security is compromised. 

The procedure requires the foUowing data item: 
• bootOkey- an «-bit asymmetric public key 
The procedure also requires the following two ftmctions: 

. SHA-1- a function that perfom« SHA-l on a range of memory and returns a l60-b.t 

. Spt ^ a function that performs asymmetric decryption of a message using the 
passed-inkey . « w 

Assuming that all of these are available (e.g. in the boot ROM), boot loader 0 can be 
defined as in the following pseudocode: 



boo^Xoa<l«rO(dat:«# sig) 

locfllDigest SHA-1 CdatA) 
authorizedDigest ^ decrypt (stg. bootOkey) 



Else 

// program code is unauthorized 
endl£ 



The length of the key will depend on the asj^etric 

vide the equivalent protection of the ent« QA^<2j»P5i?'J^;'*^^^ 

^rry nrui^ Can bc bvoasscd. then it is equivalent to the QA Chip Keys ocmg y 

from some hacker in Norway). 
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^ SoPEC Security Overview ■ 

Silverbrook R eseafCT^ ■. ; 

In the case of RS A. key « req ^.^^^ ^jf^^ 

of the QA Chip. In the case of ECDS A, a Key leng 

* ^..itinle kevs in SoPEC and having the external 
There is also no advanUge to stonng "'"^^ ^^^^^ a compromise of any key allows 

V o/- «„PEC is based cm keeping the asymmetric private key 
Therefore the entire security of SoPEC ts ^^f'^^'"^ * based on keeping the pro- 

bootOkey secure. 



value 
ify and characterize. 



3.5.2 



Hierarchies of authenfcatlon silverbrook CVS code needs to be 

Given that test programs, evaluation P^^^' ^'^^^^t^Tested. it is not secure to 
written and tested, and OEM program code «'»;^^';^btSg1ilveA^^ 0/S. non-O/S. 
have a single authentication °f ^""t*?" t^t OEM^^gning Silverbrook program 

code. 

Therefore we require <>i^<«i^^-\tt^S:^t?toteS^^^ 
although the procedure for authentication is identical to me nr 
code contains the key for authenticaung the next 

Ts^c;. Silverbrook-s SoPEC hardware ~ company. Supplies SoPEC 
ASICsandSoPECO/SprintingsoftwaretoaComC^ Memjct printheads 

. ComCo. a company tl^^sembl^ Rrm^EB^ 
etc. customizing the Print Engine for a given OEM 

. oU^ company ii^^^^^^^^^.^^\^^,^n<ic.sing. 
«id-»iers. -me OEM would supply the motor control logic, user m c 

ThelevelsofauthenticationhieraxchyareasfoUows: ^ i^^^^rates 

. SoPECCo generates ^''-f'^T^'^^s ^^^^^^^^ 

the print engine functionahty) and the <^"^^^ofc^„ ^y. The print engine 

. z^co':r:^-^atasets.^^^^^ 

is an operating parameter block for a given OEM s P""*^^^* ^^etric private 
the priTengine license --"^^f-^l^S f 

key. The operating parameter block (<ia<««2) ^ comCo can gen- 

a krintEngineLicenseld, and the OEM's asymmetnc public key. in 
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5S 



erate as many of these operating parameter blocks for ^num^r of Print Engine 
Licenses, but caimot write or sign any supervisor O/S program code 

. OE;. would generate ^'-^^ — ^^^^ 

dataset4 is the OEM program code ^^^^''^'p^^^^S'^. for testing pur- 

The OEM can produce as many versions of <iataset5 as it hkcs (e.g. lor test, g p 

poses or for updates to drivers etc) 

The relationship is shown below in Figure I. 




datasetl 
(supplied to 
ComCo) 



dataset2 



dataseta 
(supplied to 
OEM) 




dataset4 



datasetS 
(suppSed to 
end-user) 



Figure 1. Relationship between the dalasets 

J , Qr.PPr iKftlf validates datasetJ via the bootOkey mech- 
^SSilSutt 5 Onc?^£w fexLting. it vaUd^tes and 
:rLt:rdL"to'S;te'-i^^^^^ -nte validation hierarchy is shown m Ftgure 2. 

( SoPEC boot rom 
I OnctudesbootOkey public key) ^ 



vaHdatkxi via bootOkay 



datasetl: operating ayetem 
(includes ComCo public Icey) 



vafidatloo via ComCo kay 



data8et2: oparatlnfl parnia 
OfKiudes 0£M public key) 



validation via OEM key 



dataset4: OEM program code 



Figure 2- Validation hierarchy 
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If a kev is compromised, it compromises all subsequent authorizatioi^ down the hierarchy, 
fa the eiS^m ab^ve (and as illustrated in Figure 2) if the OEM's asymmetnc pn- 
vatfke^rcompromised. tien O/S program code is not comprom^ed sjnce U is above 
OEM li^ cLle in the authentication hierarchy. However if the ComCo's ^y^^ 
mr^rkeyTcompromised. then the OEM program code is also compromised. A com- 
^o^te of bootOk% compromises evejjto up to SoPEC itself, and would require a 
mask ROM change in SoPEC to fix. 

// is worthwhile repeating that in any hierarchy the security of the entire hierarchy is 
h^ed on tZxs the a^mmetric private key paired to boolOkcy securt^ It iS also a 
T,uten"e!^Zt'hepro^n that signs (i.e. authorises) datasets using the asy,nn.etr^ 
private key paired to booiOkey secure. 

3 5.3 Authenticating operating parameters 

Operating paiameters need to be considered in terms of Silverbrook <>P«^i^ P^^*^ 
SoEM operating parameters. Both sets of operating pa^eters are f on the 
chip physically located inside flie printer). This allows the pnnter to 
p'mmeteR tigidless of being moved to different computers, or a loss/replace- 
ment of host O/S drivers etc 

On PRINTER^QA, memory vector Mo contains the upgradable operating Parameters, and 
^^veetoiM,. contains any constant (non-upgradable) operating parameters. 

Considering only SUveArook operating parameters for the moment, there are actuaUy two 

problems: ^. u i^u^ 

a. setting and storing the Silverbrook operating parameters, which should be 

authorized only by Silverbrook 
..reading the parameters into SoPEC. which is an issueof S^E^^^cating 
the data on the PRD^RjQA chip since we don't trust P RINTER.QA. 
The PRINTEK_QA chip therefore contains the following symmetric keys: 
. K - PrintEneineUcense key. This key is constant for all SoPECs supplied for a given 
S:t:3ST:t":^t bctwcL an OEM and a^^^^^^^^ 
Wite p«missions to the Silverbrook upgradeable region of Mo on PRINTHl t^ A. 
. V J^PEC idkevTbis key is unique for each SoPEC (see Section 3.1). and »s 
!^o;:n^S^ot1^pSlrfpRINT^QA.K,doesnothave^^ 

anydiing. 

is used to solve problem (a). It is only used to authenricate the actual "^^^^^f*^ 

ing as the ChipS. 

K, is used by S..PEC to solv« probUm (b). It Is med 10 auUoiaical. «^ °f ^^"^ 

i/to use the same random number generator as m the QA Chip (a IWJ ou maw 
iZlZ^^ feedback shift register) with the seed taken from the value m the 
WatchDogTimer register in SoPEC's timer unit when the first page amves. 
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^^Si^k supervisor code so that SoPECJd_key is rtot revealed. 

If the OEM also requires "Pr^^^i^^— Jt^^^^^^^ 
PRINTEIL.QA. where that key is an OEMJcey ana nas wnw pc 

part of Mo- 

I.«,«.,,K,..v».«^.«.tel=>«w.by«y».»«P''taS.PEC«rfPRINTEB_QA. 
eni> keys (muMpte ScPECMJvy "> • ™«» PRDfTEB-QA. 

print will terminate. 

3.5.3.1 OEM assen,bly.line test i,^ 

As described in Section Silv^rook oi«raang p These parame. 

stored in the PRIOTm.QA as described in Section 3.5.3. 
woxild be peifonned. 

Atficstthousht.itnughtbeconsideredthatado^^^^^^ 

PRINTER_QA containing upgraded parameters " «*»2!r pSteLqa mus contain 
brSk nachine (e.g. over a net). Neither approaches are good. 

: • . ■ «.Jmblv Unc testing noher than development testing. An OEM can maximally upg«dc a 
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Silverbrook Research ^ ^ — ^ 

• 1 •^oct-.r PU TMTFR OA for testing, then we must make use of special 
If there is no ^''f^^^J^^^^^ QA J^i. H^e solution will depend on the 
test programs, or storage on the FKiw icj^^v^i 

test requirements of the OEM. 

would not want the OEM to have such a program. 

Likewise if a test program only printed pages that had been signed with ^^^^^ 

gets out into the public, the user can only print blank pages. 

If the OEM requires tests that actually prints dots, there are several possibilities: 

A „.«=!«o ftf the O/S rsiened for the OEM) that will only print special Silver- 
'^LT:::;^^.^ ™s^ybe.quiteade<;uate.b«tit^ 

OEM test patterns caimot be printed 
b A version of the O/S that prints garbage in special places over the test image. 
AgSe L the disadvakuge that special OEM test patterns cannot be 

c nlSon of the O/S that reads and decrements a DecrementOnly value in 
?i^r!qa. If the value before successful decrementing is non-zero, then 

L O/S will nm at full upgrade capability until eith^ P^^f^^^'lit^rbrook) 
pn^-determined number of pages (e.g. agreed to by the 0^and SUv«^^^ 

have been printed. The number to be stored m the PRINTER.Q A at mitiai 
PRINTER QA customization may only need to be I or z. 

panted at Ml upgrade capabiUty. andpower must stay on while doing so. 

3 5 4 Use of a PrintEngineLicense Id 

Silverbrook O/S program c.de contains the OEM's asy^^^^ 

ihe subsequent OEM P^Se'^^^^t^eTtr*; ^S^^^^ 

SoPEC only contains a smgle root key. » ^t"^^^ i e printer driver for OEM, run 
applications to be run identically physical Pnnt Engmes i.e. pnnter 
on an identically physical Print Engine from OEMz- 
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S^ ^R^ SoPECSocvr».yOve,v.ew _ 

same time as the other various PRINTER.QA customizations are being applied, before 
being shipped to the OEM site. 

In this ^vay. the OEMs can be sure of differentiating themselves through software func- 
tionality. 

^ 4 *s Authentication of ink 

tication makes use of counters m SoPEC that Keep an acwui 
of dots printed for each ink. 

other data stored on the INK QA chip tnciuQ^ OEMJd, inkType. 

^^^^ «c. s .".rrs ,7-? - . » 

be stored in Mi+ within INK.QA. 

ar*. vfllidated bv means of PRENTER^QA, a 
Just as the Print Engine operating Pf««f ^^.^^^i ^th specifically licensed 
given Print Engine license may ci^y^ SJ^tSn^^X set of ink types, colors. 

s&^^5^^Sus:gS!::io^^^^^^^^ --^^ - ^ 

INK_QA. 

SoPEC must be able to authenticate reads item the INK^QA. both in tenns of ink parame- 

teis as well as ink remaining. 

To authenticate ink a number of steps must be taken: 

• restrict access to dot counts ^oDrMTPR OA 

. authenticate ink usage and ink parameters via INK.QA and PWNTER^QA 

. broadcast ink dot usage to all SoPECs in a multi-SoPEC system 

3.5.5.1 restrict access to doi counts ' goPEC. access to these 

Since the dot counts are frotn supervisor 

;:S"^rotTotMc^de^S™ Otherwiseitmijt be possible for 
O^^^ Sde to clear dot counts before authentication has occurred. 



3.5.5.2 



authenticate ink usage and irilcperameters via WK.QA and PRINTER.OA 

Thebasic problem of authentication of ink remaining ^doth^^^^^^ 
problem t£.wedon-t trust INK_QA. Therefore how^^ 
of ink (or the ink parameters), and how can a SoPEC know tnai 
INK QA the count has been correctly decrementea 

INK^QA. 

WecannotwritetheS^F£CJrf_teytotheINICQAfortworeasons: 
. . updating keys is not power-safe (i.e.if .power is removed mid-update. the INK_QA 

could be rendered useless) 
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not know the old SoPEC Jdjay (knowledge of the old key is requireu 
change the old key to a new one). 
The proposed solution is to let mieQA have two keys: 

nermissions to the ink remainiiig regions of ^^ on rWL-^^^ , 

as PrintEngineLicense_key which is stored as K© in PRINTER_V{a;. i^i 

permissions to anytlring. 
K, is used to authenticate the -tual upgrades of the^^^t^^^^^ 
a^d refill the amount of ink). Upgrades are performed ^^^^3^, iung as 

(e.g. in Ka), also with no write permissions. 

This means there are two shared keys, with PRINTER_QA sharing both, and thereby act- 
ing as a bridge between INK^QA and SoPEC. 

. l/,«/«ilLice««_te^issharedbetweenINK_QAandPRINTER^QA 
. SoPECJd_key is shared between SoPEC and PRINTER.QA 

from INK.QA must be valid, and can therefore be trusted. 

once the data from INK.QA is kno.^ -^SSSit^ "^'^'o^T^t^^ 
checked, and the other ink licensing parameters sucn as 
InkUsageLicenseJd can be checked for validity. 

The actual steps of read authentication as performed by SoPEC are: 



KBVl 1 // si«^le const.nt» to specify Which Key to use when sianing 

KEY2 4-2 . ,v 

Jr^I/sXITxXTreU<KEyi. R„.«»..// -.With .eyi= UselnK.icense.Key 

£«Jl""TxJTKH_0..test(KBV2. M,^. SX0x«. -^Vl. RsOP»:) 

SiGsowc HMAC_SHA_1 (RsRurrBR I Rsopsc I "ink) 
If ((SlGroiOTB. '= <» (SIGrniHTW = SIGsoPEc)) 

If (MxMK-inkRexnainxng = expectedinkRemaining) 

// ali is ok 
Else 



Confidential 



November 29. 2002 



19 



SnvertHOOk Research 



SoPEC Security Overview 4^>1-3 v1.6 



// the ink value is not what we wrote, so don't print anything anymore 

Endlf 
Else 

// the date read from INKJQA is not valid and cannot be trusted 
Endlf 



Strictly speaking, we don't need a nonce (RgoPEc) a" ^"^^^se Ma (containing 

the ink remaining) should be decrementing between authentications. However we do need 
one to retrieve the initial amount of ink and the other ink parameters (at power up). This is 
why taking a random number torn the IVatchDogruner at the receipt of the first page is 
acceptable. 

In summary, the SoPEC performs the non-authenticated write [5] of ink remaiiung to die 
INK OA chip, and then performs an authenticated read of the data via the PRINTER_QA 
as per the pseudocode above. If the value is authenticated, mi the INK_QA ink-remain- 
ing value matches the expected value, the count was correctly decremented and the pnnt- 
ing can continue. 

3.5.5.3 broadcast ink dot usage to all SoPECs in a mulO-SoPEC system 

In a multi-SoPEC system, eadi SoPEC attached to a printhead (4 at most) must broadcast 
its ink usage to all the SoPECs. In this way. each SoPEC will have its own version of the 
expected ink usage. 

In the case of a man-in-the-middle attack, at worst the count in a given SoPEC is only its 
own count (i.e. all broadcasts are turned into 0 ink usage by the man-m-Ae-middle). 

A single SoPEC performs the update of ink remaining to the INK_QA chip^and Oien all 
SoPECs perfonn an authenticated read of the data via the appropriate PRINTER.QA (the 
PRINTER OA that contains their matching SoPECJd_key - remember that multiple 
SoPECJdZkeys can be stored in a single PRINTER_QA). If the value is authenticated^ 
and the INK.QA value matches the expected value, the count was correctly decremented 
and the printing can continue. 

If any of the broadcasts are not received, or have been tampered with, the "pdf ink 
caJL will not match. The only case this does not cater for is if each SoPEC .s tncked (via 
an ISI man-in-the-middle attack), into a total that is the same, yet not the true total. Apart 
from the fiict that this is not viable for general pages, at worst this is the maximum amount 
of ink printed by a single SoPEC. We don't care about protecting against this case. 

Since there will be at most 4 printing SoPEC. it requires at most 4 au&enticated reads. 
This should be completed within 0.5 seconds - weU within the 2 seconds/page prmt tune. 



3.5.6 Example hierarchy 

The exact breakdown of hierarchy will depend on a later investigarion, but for the pur- 
poses of scoping out possibiUtics, it is worthwhile considering an example hierarchy for 
illustrative purposes. 
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Adding an extra bootloader step to the example from Section 3.5.2, we can break up the 
contents of program space into logical sections, as shown in Table 1 . Note that the ComCo 
does not provide any program code, merely operating parameters that is used by the O/S. 



Table 1. Sections of Program Space 





0 

(ROM) 


boot loader 0 
SHA-1 function 
asymmetric deciypt function 
bootOicey 


sectkin 1 via bootOkey 




boot loader 1 
SoPEC^OS.public.key 


sectran 2 via SoPEC_OS,public_koy 


2 


SiJverbrook O/S program code 
function to generate 
SoPEC_id_key from SoPEC_kl 
Bask: Print Engine 
ComCo_public.key 


sectfon 3 via ComCo_public_key 

section 4 via OEM_pub{ic_key (supplied in sec- 
tion 3) 

PRINTER.QA data, which includes the 
PrintEnglneUcense^kJ. Silvertjrook operating 
parameters, and OEM operating parameters (all 
authenticated via SoPEC.kf.key} 


3 


ComCo (k;ense agreement operat- 
ing parameter ranges, including 
PrintEngineUcense.ld (gets 
loaded Into supervisor mode sec- 
tk>n of memory) 

OEM_public.key (gets loaded into 
supervisor mode section of mem- 
ory) 

Any ComCo written user-mode 
program code (gets loaded Into 
mode mode section of memory) 


Is used by sectton 2 to verify section 4 and 
range of parameters as found in PRINTER^QA 


4 


OEM specific program code 


OEM operating parameters via calls to Silver- 
brook O/S code 



The verification procedures will be required each time the CPU is woken up. since the 
RAM is not preserved. 



3.5.7 What ff the CPU is not fast enough? 

In the example of Section 3.5.6, every time the CPU is woken up to print a document it 
needs to perform: 

• SHA-l on all program code and program data 

• 4 sets of asymmetric decryption to load the program code and data 

• 1 HMAC-SHAl generation per 512-bits of Silverbrook and OEM printer and ink oper- 
ating parameters 

Although the SHA-1 and HMAC process will be fast enough on the embedded CPU (the 
program code will be executing from ROM), it may be that the asymmetric decryption 
will be slow. And this becomes more likely with each extra level of authentication. If this 
is the case (as is likely), hardware acceleration is required. 

A cheap form of hardware acceleration takes advantage of the fact that in most cases the 
same program is loaded each time, with the first time likely to be at power-up. The hard- 
ware acceleration is simply data storage for the authorizedDigest which means that the 
boot procedure now is: 
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•lo«C90.bootloadarO(dm«a, via) 

localDigest 4- SHA-l(data) 

If (localDigest: = previous lyStoredAuthorizedDigest) 

juRip to program code at data-start address// will never to return 
Else 

author izedDigest 4- decrypt (sig, bootOkey) 

l£ (localDigest « authorizedDigest) 

previouslyStoredAuthorizedDigest <— authorizedDigest 

jump to program code at data-start address// will never to return 

Else 

// program code is unauthorized 
Endlf 



This procedure means that a reboot of the same authorized program code will only requii^ 
SHA-1 processing. At power-up, or if new program code is loaded (e.g. an upgrade of a 
driver over the internet), then the full authorizadon via asymmetric decryption takes place. 
This is because the stored digest will not match at power-up and whenever a new program 
is loaded. 

The question is how much preserved space is required. 

Each digest requires 160 bits (20 bytes), and this is constant regardless of the asymmetric 
encryption scheme or the key length. While it is possible to reduce this number of bits, 
thereby sacrificing security, the cost is small enough to warrant keeping the full digest. 

However each level of boot loader requires its own digest to be preserved. This gives a 
maximum of 20 bytes per loader. Digests for operating parameters and ink levels may also 
be preserved in the same way, although these authentications should be fast enough not to 
require cached storage. 

Assuming SoPEC provides for 12 digests (to be generous), this is a total of 240 bytes. 
These 240 bytes could easily be stored as 60 x 32-bit registers, or probably more conven- 
iently as a small amount of RAM (eg 0.25 - 1 Kbyte). Providing something like 1 Kbyte of 
RAM has the advantage of allowing the CPU to store other useful data> although this is not 
a requirement. 

In general, it is useful for the boot ROM to know whether it is being started up due to 
power-on reset or activity on the USB/ISL In the former case, it can ignore the previously 
stored values (either 0 for registers or garbage for RAM). In the latter case, it can use the 
previously stored values. Even without this, a startup value of 0 (or garbage) means the 
digest won*t match and therefore the authentication will occur implictly. 

3-6 SoPEC ISI IDENTIFICATION 

At power-up, the host can send targeted data to the USB-connected SoPEC, but can only 
send broadcasts to all of the slave SoPECs via the USB-connected SoPEC's ISI. 

Each slave SoPEC will verify the broadcast message received over the ISI, and if it is 
valid, will execute it. Several levels of authorization may occur. However, at some stage, 
this common program code (broadcast to all of the slave SoPECs and signed by the appro- 
priate asymmetric private key) will, among other things, set the slave SoPEC's ISI id. If 
there is only I slave, the id is given, but if there is more than 1 slave, the id must be deter- 
mined in some fashion. 
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On a particular physical arrangement of SoPECs each slave SoPEC will have a different 
set of connections on GPIOs. For example, one SoPEC maybe in chaise of motor control 
while another may be driving the LEDs etc. The unused GPIO pins (not necessarily the 
same on each SoPEC) can be set as inputs and then tied to 0 or 1, As long as the connec- 
tion settings are muftially exclusive, program code can determine which is which, and the 
id appropriately set. 

In some multi-SoPEC systems, a given SoPEC will only be attached to a single printhead 
Gcft or nght). We can conveniently use the second printhead connection pins (temperature 
and test) to form an ISI id. 

This scheme of slave SoPEC identification does not introduce a security breach. If an 
attacker rewires the pinouts to conftise identification, at best it will simply cause strange 
printouts (e.g. swapping of printout data) to occur, while at worst the Print Engine will 
simply not function. 

Note that some physical setting (e.g. pins) on each of the multiple SoPECs is required - the 
settmgs just need to be mutually exclusive. Although it is possible for all the SoPECs to 
come to a logical ISI id assignment (e.g. by using ethemet-like protocols), the ISI id needs 
to be very much ^physical identity scheme. This is because these SoPECs are not simply 
logical processors - we want the correct portion of the page to be printed on the correct 
physical location, motor controls will be physically connected to a specific physical 
SoPEC etc. , r f J 

3.7 Setting up QA Chip keys 

In use, each INK^QA chip needs the following keys: 

• = SupplyInkLicense_key 

• Kj = UselnkLicenseJcey 

Each PRINTER_QA chip tied to a specific SoPEC requires the following keys: 

• Ko ^ PrintEngineUcense Jcey 

• Kj = SoPEC Jdjkey 

• K2 = UselnkLicenseJcey 

Note that there may be more than one Kj depending on the number of PRINTER.QA 
chips and SoPECs in a system These keys need to be appropriately set up in the QA Chips 
before they will function correctly together. 

3.7.1 Original QA Chips as received by a ComCo 

WTien original QA Chips are shipped from QACo to a specific ComCo their keys arc as 
follows: 

• = QACojComCo^KeyO 

• ^\ = QACoj:omCo_Keyl 

• ^2^QACojComCoJ^ey2 

• y^z^ QACo_ComCo_Key3 

All 4 keys are only known to QACo, Note that these keys are different for each QA Chip, 

3.7.2 Steps at the ComCo 

The ComCo is responsible for making Print Engines out of Memjet printheads. OA Chios 
PECs or SoPECs, PCBs etc. ^ ^ P . 
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In addition, the ComCo must customize the INK_QA chips and PRINTER_QA chip 
on-board the print engine before shipping to the OEM. 

There are two stages: 

• replacing the keys in QA Chips with specific keys for the application (i.e. INK OA 
and PRINTER^QA) 

• setting operating parameters as per the license with the OEM 

3. 7.Z1 Replacing keys 

The ComCo is issued QID hardware [4] by QACo that allows programming of the various 
keys (except for K,) in a given QA Chip to the final values, following the standard 
ChipF/ChipP replace key (indirect version) protocol [5]. The indirect version of the proto- 
col allows each QACo^ComCo^Key to be different for each SoPEC. 

In the case of programming of PRINTER^QA's Kj to be SoPECJdJcey, there is the addi- 
tional step of transferring an asymmetrically encrypted SoPECJdJcey (by the public-key) 
along with the nonce (Rp) used in the replace key protocol to the device that is functioning 
as a ChipR The ChipF must decrypt the SoPECJdJcey so it can generate the standard 
replace key message for PRINTER^QA (functioning as a ChipP in the ChipF/ChipP pro- 
tocol). The asymmetric key pair held in the ChipF equivalent^fhould be unique to a 
ComCo (but still known only by QACo) to prevent damage in the case of a compromise. 

Note that the various keys installed in the QA Chips (both INK_QA and PRINTER.QA) 
are only known to the QACo. .The OEM only uses QIDs and QACo supplied ChipFs. The 
replace key protocol [5] allows the programming to occur without compromising the old 
or new key. 

3. 7. 2. 2 Setting operating parameters 

There are two sets of operating parameters stored in PRINTER_QA and INK^QA: 

• fixed 

• upgradable 

The fixed operating parameters can be written to by means of a non-authenticated writes 
[5] to via a QID [4], and permission bits set such that they are ReadOnly. 

The upgradable operating parameters can only be written to after the QA Chips have been 
programmed with the correct keys as per Section 3.7,2.1. Once they contain the correct 
keys they can be programmed with appropriate operating parameters by means of a QID 
and an appropriate ChipS (containing matching keys). 
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3 Introduction 

This document describes the SoPEC ASIC (Small office home office Print Engine Controller) suitable for 
use in price sensitive SoHo printer products. The SoPEC ASIC is intended to be a low cost solution for bi- 
lithic printhead control, replacing the multichip solutions in larger more professional systems with a single 
chip. The increased cost competitiveness is achieved by integrating several systems such as a modified 
PEC I [ 1 ] printing pipeline, CPU control system, peripherals and memory sub-system onto one SoC ASIC, 
reducing component count and simplifying board design. 

This section will give a general introduction to Memjet printing systems, introduce the components that 
make a bi-Iithic printhead system, describe possible system architectures and show how several SoPECs 
can be used to achieve A3 and A4 duplex printing. The section "SoPEC ASIC" describes the SoC SoPEC 
ASIC, with subsections describing the CPU, DRAM and Print Engine Pipeline subsystems. Each section 
gives a detailed description of the blocks used and tficir operation within the overall print system. The final 
section describes the bi-lithic printhead construction and associated implications to the system due to its 
makeup. 

Some sections of this document were derived from the Print Engine Controller Hardware Design Specifi- 
cation[l ] written by Silvetbrook Research. 
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4 Nomenclature 



4.1 Bl-LITHIC PRINTHEAD NOTATION 



4.2 



A bi-lithic based printhead is constructed from 2 printhead ICs of varying siz^s. The notation M:N is used 
to express the size relationship of each IC, where M specifies one printhead fC in inches and N specifies 
the remaining printhead IC in inches. 

Section 35 Memjet Printhead contains a description of the bi-lithic printhead and related terminology. 



Definitions 

The following terms 
Bi-lithic printhead 
CPU 

ISI-Bridge chip 

ISIMaster 
ISISlave 
LEON 

LineSyncMaster 

Multi'SoPEC 
Netpage 
PECl 

Printhead IC 
PrintMaster 

Q A Chip 
Storage SoPEC 
Tag 



are used throughout this specification: 
Refers to printhead constructed from 2 printhead ICs 
Refers to CPU core, caching system and MMU. 

A device with a high speed interface (such as USB2.0, Ethernet or IEEE1394) and 
one or more ISI interfaces. The ISI-Bridge would be the ISIMaster for each of the 
IS! buses it interfaces to. 

The ISIMaster is the only device allowed to initiate communication on the Inter 
Sopec Interface (ISI) bus. The ISIMaster interfaces direcdy with the host. 

MiUti-SoPEC systems will contain one or more ISISlave SoPECs connected to the 
ISI bus, ISISlaves can only respond to commimication initiated by the ISIMaster. 
Refers to the LEON CPU core. 

The LineSyncMaster device generates the line synchronisation pulse that all 
SoPECs in the system must synchronise their line outputs to. 

Refers to SoPEC based print system with multiple SoPEC devices 

Refers to page printed with tags (normally in infrared ink). 

Refers to Print Engine Controller version 1, precursor to SoPEC used to control 
printheads constructed from multiple angled printhead segments. 

Single MEMS IC used to construct bi-lithic printhead 

The PrintMaster device is responsible for coordinating all aspects of the print 
operation. There may only be one PrintMaster in a system. 

Quality Assurance Chip 

An ISISlave SoPEC used as a DRAM store and which does not print. 

Refers to pattern which encodes information about its position and orientation which 
allow it to be optically located and its data contents read. 



4.3 



Acronym and Abbreviations 

The following acronyms and abbreviations are used in this specification 
CPU Contone FIFO Unit 

CPU Central Processing Unit 

DIU DRAM Interface Unit 
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Dead Nozzle Compensator 




Dynamic Random Access Memoiy 




L'otLrine writer Umt 




General Pvupose Input Output 




Halftoner Compositor Umt 




Interrupt Controller Unit 




Inter boPnC Interface 




Lossless Bi-level Decoder 


T T II 


Line Loader Unit 


T CC 


Low Speed Serial interface 




Micro Electro Mechanical System 


MMU 


Memoiy Management Unit 




C ^^^^^ M It » * "a 

SoPEC Controller Umt 


PHI 


PnntHead Interface 


PSS 


Power Save Storage Unit 


RDU 


Real-time Debug Unit 


ROM 


Read Only Memory 


SCB 


Serial Communication Block 


SFU 


Spot FIFO Unit 


SMG4 


Silvcrbrook Modified Group 4. 


SoPEC 


Small office home office Print Engine Controller 


SRAM 


Static Random Access Memoiy 


TE 


Tag Encoder 


TFXJ 


Tag FIFO Unit 


TIM 


Timers Unit 


USB 


Universal Serial Bus 



4.4 Pseudocode notation 

In general the pseudocode examples use C like statements with some exceptions. 
Symbol and naming convections used for pseudocode. 
Comment 
Assignment 

Operator equal, not equal, less than, greater than 
Operator addition, subtraction, multiply, divide, modulus 

Bitwise AND, bitwise OR. bitwise exclusive OR, left shift, right shift, complement 
Logical AND, Logical OR, Logical inversion 
Array/vector specifier 



// 

=.!-.<.> 

AND,OR,NOT 
[XX: YY] 
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{a, b, c} 



Concatenation operation 
Increment and decrement 



4.4.1 Register and signal naming conventions 

In general register naming uses the C style conventions with c^italization to denote word delimiters. Sig- 
nals use RTL style notation where imdcrscore denote word delimiters. There is a direct translation between 
both conventioa For example the CmdSourceFifo register is equivalent to cmdjsource Jifo signal. 

4.5 State machine notation 

State machines should be described using the pseudocode notation outlined above. State machine descrip- 
tions use the convention of underline to indicate the cause of a transition from one state to another and 
plain text (no underline) to indicate the effect of the transition i.e. signal transitions which occur when the 
new state is entered. 

A sample state machine is shown in Figure 1 . 



cdujdJU.rreq b q 
ignore.data a o 



cdu_dHi_rreq = i ^ Reset ^ 



odu_diu.n«q « 1 
Ignord.data « 0 



Idle ^ 



dona^and w Q 
cdu.diu_rreq « 0 
{gnore.data = 0 



Figure 1. Example State machine notation 
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5 Printing Considerations 

A bi-lithic printhead produces 1600 dpi bi-level dots. On low-diflfusion paper, each ejected drop forms a 
22.5^m diameter dot. Dots are easily produced in isolation, allowing dispersed-^lot dithering to be 
exploited to its fullest. Since the bi-lithic printhead is the width of the page and operates with a constant 
paper velocity, color planes are printed in perfect registration, allowing ideal dot-on-dot printing. Dot-on- 
dot printing minimizes 'muddying' of midtones caused by inter-color bleed. 

A page layout may contain a mixture of images, graphics and text. Continuous-tone (contone) images and 
graphics are reproduced using a stochastic dispersed-dot dither. Unlike a clustered-dot (or amplitude-mod- 
ulated) dither, a dispersed-dot (or frequency-^nodulated) dither reproduces high spatial frequencies (i.e. 
image detail) ahnost to the limits of the dot resolution, while simultaneously reproducing lower spatial fre- 
quencies to their full color depth, when spatially integrated by the eye. A stochastic dither matrix is care- 
fully designed to be free of objectionable low-frequency patterns when tiled across the image. As such its 
size typically exceeds the minimum size required to support a particular number of intensity levels (e.g. 
1 6x1 6x 8 bits for 257 intensity levels). 

Human contrast sensitivity peaks at a spatial frequency of about 3 cycles per degree of visual field and 
then fails off logarithmically, decreasing by a factor of 1 00 beyond about 40 cycles per degree and becom- 
ing hnmeasurable beyond 60 cycles per degree [21][22]. At a normal viewing distance of 12 inches (about 
300mm), this translates roughly to 200-300 cycles per inch (cpi) on the printed page, or 400-600 samples 
per inch according to Nyquist's theorem. 

In practice, contone resolution above about 300 ppi is of limited utility outside special applications such as 
medical imaging. Offset printing of magazines, for example, uses contone resolutions in the range 150 to 
300 ppi. Higher resolutions contribute slightly to color error through the dither. 

Black text and graphics are reproduced directly using bi-level black dots, and are therefore not anti-aliased 
(ie. low-pass filtered) before being printed. Text should therefore be supersampled beyond the perceptual 
limits discussed above, to produce smoother edges when spatially integrated by the eye. Text resolution up 
to about 1200 dpi continues to contribute to perceived text shaipness (assuming low-diffusion paper, of 
course). 

A Netpage printer, for example, may use a contone resolution of 267 ppi (i.e. 1600 dpi / 6), and a black 
text and graphics resolution of 800 dpi. A high end office or departmental printer may use a contone reso- 
lution of 320 ppi (1600 dpi / 5) and a black text and graphics resolution of 1600 dpi. Both formats are 
capable of exceeding the quality of commercial (offset) printing and photognqihic reproduction. 
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6 Document Data Flow 



6.1 Considerations 

Because of the page-width nature of the bi-lithic printhead. each page must be printed at a constant speed 
to avoid creating visible artifacts. This means that the printing speed can't be varied to match the input 
data rate. Document rasterization and document printing are therefore decoi^led to ensure the printhead 
has a constant supply of data. A page is never printed until it is fully rasterized This can be achieved by 
storing a compressed version of each rasterized page image in memory. 

This decoupling also allows the RIP(s) to run ahead of the priaiter when rastcrizing simple pages, buying 
time to rasterize more complex pages. 

Because contone color images are reproduced by stochastic dithering, but black text aiid line gr^hics are 
reproduced directly using dots, the compressed page image format contains a sqiarate foreground bi-leve! 
black layer and background contone color layen The black layer is composited over the contone layer after 
the contone layer is dithered (although the contone layer has an optional black component). A final layer 
of Netpage tags (in infiared or black ink) is optionally added to the page for printout 

Figure 2 shows the flow of a document from computer system to printed page. 




Figure 2. Document data flow 
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At 267 ppi for example, a A4 page (8.26 inches x 11.7 inches) of contone CMYK data has a size of 
26.3MB. At 320 ppi, an A4 page of contone data has a size of 37.8MB, Using lossy contone compression 
algorithms such as JPEG [23], contone images compress with a ratio up to 10:1 without noticeable loss of 
quality, giving compressed page sizes of 2.63MB at 267 ppi and 3,78 MB at 320 ppi. 

At 800 dpi, a A4 page of bi-level data has a size of 7.4MB. At 1600 dpi. a Letter page of bi-level data has 
a size of 29.5 MB. Coherent data such as text compresses very well. Using lossless bi-level compression 
algorithms such as SMG4 fax as discussed in Section 8.1.2.3.1, ten-point plain text compresses with a 
ratio of about 50:1. Lossless bi-level compression across an average page is about 20:1 with 10:1 possible 
for pages which compress poorly. The requirement for SoPEC is to be able to print text at 10:1 compres- 
sion. Assuming 10:1 compression gives compressed page sizes of 0.74 MB at 800 dpi. and 2.95 MB at 
1600 dpi. 

Once dithered, a page of CMYK contone image data consists of 1 16MB of bi-level data. Using lossless bi- 
level compression algorithms on this data is pointless precisely because the optimal dither is stochastic - 
i.e. since it introduces hard-to-compress disorder. 

Netpage tag data is optionally suppUed with the page image. Rafter than storing a compressed bi-level 
data layer for the Netpage tags, the tag data is stored in its raw form. Each tag is supplied up to 1 20 bits of 
raw variable data (combined with up to 56 bits of raw fixed data) and covers up to a 6mm x 6mm area (at 
1600 dpi). The absolute maximum number of tags on a A4 page is 15,540 when the tag is only 2mm x 
2mm (each tag is 126 dots x 126 dots, for a total coverage of 148 tags x 105 tags). 15,540 tags of 128 bits 
per tag gives a compressed tag page size of 0.24 MB. 

The multi-layer compressed page image format therefore exploits the relative strengths of lossy JPEG con- 
tone image compression, lossless bi-level text compression, and tag encoding. The format is compact 
enough to be storage-efficient, and simple enough to allow straightforward real-time expansion during 
printing- 

Since text and images normally don't overlap, the nonnal worst-case page image size is image only, while 
the normal best-case page image size is text only. The addition of worst case Netpage tags adds 0,24MB to 
the page image size. The worst-case page image size is text over image plus tags. The average page size 
assumes a quarter of an average page contains images. Table 1 shows data sizes for compressed Letter 
page for these dififerent options. 



Table 1 . Data sizes for A4 page (8.26 Inches x 1 1 .7 Inches) 









3 


Image only (oontone), 10:1 compression 


2.63 MB 


3.78 MB 




Text only (bi-level). 1 0:1 compression 


0.74 MB 


2.95 MB 


Netpage tags. 1GO0 dpi 


0.24 MB 


0.24 MB 


Worst case (text + image + tags) 


3.61 MB 


6.67 MB 


Average (text -i- 25% image + tags) 


1.64 MB 


4.25 MB 



6.2 Document Data Flow 

The Host PC rasterizes and compresses the incoming document on a page by page basis. The page is 
restructured into bands with one or more bands used to construct a page. The compressed data is then 
transferred to the SoPEC device via the USB link, A complete band is stored in SoPEC embedded mem- 
ory. Once the band transfer is complete the SoPEC device reads the compressed data, expands the band, 
normalizes contone, bi-level and tag data to 1600 dpi and transfers the resultant calculated dots to the bi- 
Hthic printhead. 

The document data flow is 
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• The RIP software rasterizes each page description and compress the rasterized page image. 

• The infrared layer of the printed page optionally contains encoded Ne^age [5] tags at a programmable 
density. 

• The compressed page image is transferred to the SoPEC device via the USB noimaUy on a band by 
band basis. 

• The print engine takes the compressed page image and starts the page expansion. 

• The first stage page expansion consists of 3 operations performed in parallel 

• expansion of the JPEG-compressed contone layer 

• expansion of the SMG4 fax compressed bi-level layer 

• encoding and rendering of the bi-level tag data. 

• The second stage dithers the contone layer using a programmable dither matrix, producing up to four 
bi-level layers at full-resolution. 

• The second stage then composites the bi-level tag data layer, the bi-level SMG4 fax de-compressed 
layer and up to four bi-level JPEG de-compressed layers into the full-resolution page image. 

• A fixative layer is also generated as required. 

• The last stage formats and prints the bi-level data through the bi-lithic printhead via the printhead inter- 
face. 

The SoPEC device can print a full resolution page with 6 color planes. Each of the color planes can be 
generated from compressed data through any channel (either JPEG compressed, bi-level SMG4 fax com- 
pressed, tag data generated, or fixative channel created) with a maximum number of 6 data channels from 
page RIP to bi-lithic printhead color planes. 

The moping of data channels to color planes is programmable, this allows for multiple color planes in tiie 
pnnthead to map to the same data channel to provide for redundancy in the printhead to assist dead nozzle 
compensatioiL 

Also a data channel could be used to gate data froin another data channel. For example in stencil mode 
data from the bilevel data channel at 1600 dpi can be used to filter the contone data channel at 320 dpi, giv' 
ing the effect of 1600 dpi contone image. 

6.3 Page considerations due to SoPEC 

The SoPEC device typically stores a complete page of document data on chip. The amount of storage 
available for compressed pages is limited to 2Mbytes, imposing a fixed maximum on compressed page 
size. A comparison of the compressed image sizes in Table 1 indicates that SoPEC would not be capable 
of prinring worst case pages unless they are split into bands and printing commences before all the bands 
for the page have been downloaded. The page sizes in the table are shown for comparison purposes and 
would be considered reasonable for a professioiial level printing system. The SoPEC device is aimed at the 
consumer level and would not be required to prim pages of that complexity. Target document types for the 
SoPEC device are shown Table 2. 



Table 2, Page content targets for SoPEC 




Best Case picture Image. 267ppi with 3 cotors. A4 size 



Full page text. 600dpi A4 size 
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Table 2, Page content targets for SoPEC 















Mixed Graphics and Text 

' tmage of 6 inches x 4 inches O 267 ppi and 3 colore 
- Remaining area text -73 inches^. 800 dpi 


6x4x267x267x3 O 5:1 
600x800x73 d 10:1 


1.55 


1 Best Case Photo, 3 Colors. 6.6 Megapixel Image 


6.6 Mpixel O 10:1 


2.00 



If a document with more complex pages is required, the page RIP software in the host PC can detezmine 
that there is insufficient memory storage in the SoPEC for that document In such cases the RIP software 
can lake two courses of action. It can increase the compression ratio until the compressed page size will fit 
in the SoPEC device^ at the expense of document quality, or divide the page into bands and allow SoPEC 
to begin printing a page band before all bands for that page are downloaded. Once SoPEC starts printing a 
page it cannot stop, if SoPEC consumes compressed data faster than the bands can be downloaded a buffer 
undertun error could occur causing the print to fail, A buffer undenrun occurs if line synchronisation pulse 
is received before a line of data has been transferred to the printhead. 

Other options which can be considered if the page does not fit completely into the compressed page store 
are to slow the printing or to use multiple SoPECs to print parts of the page. A Storage SoPEC (Section 
7.2.5) could be added to the system to provide guaranteed bandwidth data deliveiy. The print system could 
also be constructed using an ISNBridge chip (Section 7.2.6) to provide guaranteed data delivery. 
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7 Memjet Printer Architecture 

The SoPEC device can be used in several printer configurations and architectures. 

In the general sense every SoPEC based printer architecture will contain: 

• One or more SoPEC devices, 

• One or more bi-lithic printheads. 

• Two or more LSS busses. 

• Two or more QA chips. 

• USB 1 . 1 connection to host or IS! connection to Bridge Chip. 

• ISI bus connection between SoPECs (when multiple SoPECs arc used). 

Some example printer configurations as outlined in Section 7.2. The various system components are out- 
lined briefly in Section 7.1. 

7.1 System Components 

7.1 .1 SoPEC Print Engine Controller 

The SoPEC device contains several system on a chip (SoC) components, as well as the print engine pipe- 
Ime control application specific logic. 

7. 1. f - 1 Print Engine Pipeline (PEP) Logic 

The PEP reads con^ressed page store data from the embedded memory, optionally decompresses the data 
and formats it for sending to the printhead. The print engine pipeline functionality includes expanding the 
page unage. dithering the contone layer, compositing the black layer over the contone layer, rendering of 
Netpage tags, compensation for dead nozzles in the printhead, and sending the resultant image to the bi- 
lithic printhead. 

7. 1. i. 2 Embedded CPU 

SoPEC contains an embedded CPU for general purpose system configuration and management. The CPU 
performs page and band header processing, motor control and sensor monitoring (via the GPIO) aiid other 
system control functions. The CPU can perform buffer management or report buffer status to the host. The 
CPU can optionally run vendor application specific code for general print control such as paper ready 
monitoring and LED status update. 

7. 1. 1.3 Embedded Memory Buffer 

A 2.5Mbyte embedded memory buffer is integrated onto the SoPEC device, of which ^proximately 
2Mbytes are available for compressed page store data. A compressed page is divided into one or more 
bands, with a number of bands stored in memory. As a band of the page is consumed by die PEP for print- 
mg a new band can be downloaded The new band may be for the current page or the next page. 
Using banding it is possible to begin printing a page before the complete compressed page is downloaded, 
but care must be taken to ensure that data is always available for printing or a buffer undemm may occur. 

An Storage SoPEC acting as a memory buffer (Section 7,2.5) or an ISI-Bridge chip with attached DRAM 
(Section 7.2.6) could be used to provide guaranteed data delivery. 
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7.1.1,4 Embedded USB 1.1 Device 



The embedded USB l.l device accepts compressed page data and control commands from the host PC, 
and facilitates the data transfer to either embedded memoiy or to another SoPEC device in multi^SoPEC 
systems. 



7.1.2 Bi-lithtc Printhead 



The printhead is constructed by abutting 2 printhead ICs together The printhead ICs can vary in size from 
2 inches to 8 inches, so to produce an A4 printhead several combinations are possible. For example two 
printhead ICs of 7 inches and 3 inches could be used to create a A4 printhead (the notation is 7:3). Simi- 
larly 6 and 4 combination (6:4), or 5:5 combination. For an A3 printhead it can be constructed from 8;6 or 
an 7:7 printhead IC combination. For photographic printing smaller printheads can be constnicled. 



7.1.3 LSS internee bus 



Each SoPEC device has 2 LSS system buses for communication with QA devices for system authentica- 
tion and ink usage accounting. The number of QA devices per bus and their position in the system is unre- 
stricted with the exception that PRINTER^QA and rNKjQA devices should be on separate LSS busses. 



7.1.4 QA devices 

Each SoPEC system can have several QA devices. Normally each printing SoPEC will have an associated 
PRINTER^QA. Ink cartridges will contain an INKjQA chip. PRINTER _^A and INKjQA devices should 
be on separate LSS busses. All QA chips in the system are physically identical with flash memory contents 
defining PRINTER JQA from INK JQA chip. 



7.1.5 ISI Internee 

The Inter-SoPEC Enterface (ISI) provides a communication channel between SoPECs in a multi-SoPEC 
system. The ISIMaster can be SoPEC device or an ISI-Bridge chip depending on the printer configuration. 
Both compressed data and control commands arc transferred via the interface. 

7.1.6 ISI-Bndge Chip 

A device, other than a SoPEC with a USB connection, which provides print data to a number of slave 
SoPECs, A bridge chip will typically have a high bandwidth connection, such as USB2.0. Ethernet or 
IEEE 1394, to a host and may have an attached external DRAM for compressed page storage. A bridge 
chip would have one or more ISI interfaces. The use of multiple ISI buses would allow the construction of 
mdependent print systems within the one printer. The ISI-Bridge would be the ISIMaster for each of the 
ISI buses it interfaces to. 



7.2 Possible SoPEC Systems 

Several possible SoPEC based system architectures exist. The following sections outline some possible 
architectures. It is possible to have extra SoPEC devices in the system used for DRAM storage. The QA 
chip configurations shown are indicative of the flexibility of LSS bus architecture, but not limited to those 
configurations. 
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7.2.1 A4 Simplex with 1 SoPEC device 



USB from Host 




highspeed 
<#-^ low speed 



( prfnthe^d assembly 

^ — — —— — — — — — — — — — — — — — — — — — ^ J 

Figure 3. Single SoPEC A4 Simplex system 

In Figure 3, a single SoPEC device can be used to control two printhead ICs. The SoPEC receives com- 
pressed data through the USB device from the host. The compressed data is processed and transferred to 
the printhead. 



7.2.2 A4 Duplex with 2 SoPEC devices 



USB from Host 




high speed 
low speed 



Figure 4. Dual SoPEC A4 Duplex system 

In Figiu-e 4, two SoPEC devices are used to control two bi-lithic printheads, each with two printhead ICs. 
Each bi-lithic printhead prints to opposite sides of the same page to achieve duplex printing. The SoPEC 
connected to the USB is the ISIMaster SoPEC, the remaining SoPEC is an ISISlave. The ISIMaster 
receives all the compressed page data for both SoPECs and re-distributes the compressed data over the 
Inter-SoPEC Interface GSI) bus. 
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[t may not be possible to print an A4 page every 2 seconds in this configuration since the USB LI connec- 
tion to the host may not have enough bandwidth. An alternative would be for each SoPEC to have its own 
USB 1 . 1 connection. This would allow a faster average print speed. 



7.2.3 A3 Simplex with 2 SoPEC devices 



- — — — . — ^ 

replaceable i 
ink cartridge i 




^ _ .eiintliead£ss!Bm^. 



Figure 5. Dual SoPEC A3 simplex system 



In Figure 5, two SoPEC devices arc used to control one A3 bi-lithic printhcad. Each SoPEC controls only 
one printhcad IC (the remaining PHI port typically remains idle). The USB 1.1 connection defines the ISI- 
Master SoPEC. In this dual SoPEC configuration the compressed page store data is split across 2 SoPECs 
giving a total of 4Mbyte page store, this allows the system to use compression rates as in an A4 architec- 
ture. but with the increased page size of A3. The ISIMaster receives all the compressed page data for all 
SoPECs and re-distributes the compressed data over the Inter-SoPEC Interface (ISI) bus. 
It may not be possible to print an A3 page every 2 seconds in this configuration since the USB 1 . 1 connec- 
tion to the host will only have enough bandwidth to supply 2Mbytes every 2 seconds. Pages which require 
more than 2MBytes every 2 seconds will therefore print slower. An alternative would be for each SoPEC 
to have its own USB l.l connection. This would allow a faster average prim speed. 
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7.2.4 A3 Duplex with 4 SoPEC devices 



r — — — — — — tr — — — — — — ^ 

I replacaabit n replaceable . 
jink caitrtdge „ Ink cartridge . 




Figure 6. Quad SoPEC A3 duplex system 



In Figure 6 a 4 SoPEC system is shown. It contains 2 A3 bi-lithic printheads, one for each side of an A3 
page. Each printhead contain 2 printhead ICs, each printhead IC is controlled by an independent SoPEC 
device, with the remaining PHI port typically unused. Again the USB 1 . 1 connection defines the ISIMaster 
with the other SoPECs as ISISIaves. In total, the system contains SMbytes of compressed page store 
(2Mbytes per SoPEC), so the increased page size does not degrade the system print quality, from that of an 
A4 simplex printer. The ISIMaster receives all the compressed page data for all SoPECs and re-distributes 
the compressed data over the Inter-SoPEC Interface (ISI) bus. 

It may not be possible to print an A3 page every 2 seconds in this configuration since the USB 1 . 1 connec- 
tion to the host will only have enough bandwidth to supply 2Mbytes every 2 seconds. Pages which require 
more than 2MBytes every 2 seconds will therefore print slower. An alternative would be for each SoPEC 
or set of SoPECS on the same side of the page to have their own USB 1.1 connection. This would allow a 
faster average print speed. 
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7.2.5 SoPEC DRAM storage solution: A4 Simpiox with 1 printing SoPEC and 1 memory SoPEC 



USB from Host ^ 




SoPEC I SoPEC used 
DevlCQ/S^I I as ORAM storage 



I prlnthead assembly 

^ — — — —— — — — — —— — — — — — — — — — — — 

Figure 7. SoPEC A4 Simplex system with extra SoPEC used as ORAM storage 



high ipeed 
low speed 



Extra SoPECs can be used for DRAM storage e.g. ia Figure 7 an A4 simplex printer can be built with a 
single extra SoPEC used for DRAM storage. The DRAM SoPEC can provide guaranteed bandwidth deliv- 
ery of data to the printing SoPEC. SoPEC configurations can have multiple extra SoPECs used for DRAM 
storage. 
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7.2.6 ISI-Bridge chip solution: A3 Duplex system with 4 SoPEC devices 



r — 

I replaceable i 
t Ink cartridge i 




Figure 8. A3 duplex system featuring four printing SoPECs 



In Figure 8, an ISI-Bridge chip provides sIave*only ISI connections to SoPEC devices. Figure 8 shows a 
ISI'Bridge chip with 2 separate ISI ports. The ISI-Bridge chip is the ISIMaster on each of the ISI busses it 
is connected to. All connected SoPECs are ISlSlaves. The ISI-Bridge chip will typically have a high band- 
width connection to a host and may have an attached external DRAM for compressed page storage. 

An alternative to having a ISI-Bridge chip would be for each SoPEC or each set of SoPECs on the same 
side of a page to have their own USB 1.1 connection. This would allow a faster average print speed. 
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8 Page Format and Printflow 

When rendering a page, the RIP produces a page header and a number of bands (a non-blank page requires 
at least one band) for a page. The page header contains high level rendering parameters, and each band 
contains compressed page data. The size of the band will depend on the memory available to the RIP, the 
speed of the RIP. and the amount of memory remaining in SoPEC while printing the previous band(s). Fig- 
ure 9 shows the high level data structure of a number of pages with different numbers of bands in the page. 



blank page 



aingre band page 



2 band page 



mutti band page 



page header 



page header 



band 0 



page header 



bandO 



Figure 9. Pages containing different numbers of bands 

Each compressed band contains a mandatory band header, an optional bi-levcl plane, optional sets of inter- 
leaved contone planes, and an optional tag data plane (for Netpage enabled ^plications). Since each of 
these planes is optional', the band header ^ecifics which planes are included with the band. Figure 10 
gives a high-level breakdown of the contents of a page band 



band n 




band header 



bMevel plane 



oontone plane 



tag data plane 



Figure 10. Contents of a page band 

A single SoPEC has maximum rendering restrictions as follows: 

• 1 bi-levei plane 

• 1 contone interieaved plane set containing a maximum of 4 contone planes 

• 1 tag data plane 

• a bi-lithic printhead with a maximum of 2 printhead ICs 
The requirement for single-sided A4 single SoPEC printing is 

• average contone JPEG compression ratio of 1 0: 1 , with a local minimum compression ratio of 5' 1 for a 
single line of interleaved JPEG blocks. 



1 . Although a band must contain at least one plane 
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• average bi-level compression ratio of 1 0: 1 , with a local minimum compression ratio of 1: 1 for a single 
line. 

If the page contains rendering parameters that exceed these specifications, then the RIP or the Host PC 
must split the page into a format that can be handled by a single SoPEC. 

In the general case, the SoPEC CPU must analyze the page and band headers and generate an appropriate 
set of register write commands to configure the units in SoPEC for that page. The various bands are passed 
to the destination SoPEC(s) to locations in DRAM determined by the host. 

The host keeps a memory map for the DRAM, and ensures that as a band is passed to a SoPEC, it is stored 
in a suitable free area in DRAM. Each SoPEC is connected to the ISI bus or USB bus via its Serial com- 
munication Block (SCB). The SoPEC CPU configures the SCB to allow compressed data bands to pass 
from the USB or ISI through the SCB to SoPEC DRAM. Figure 1 1 shows an example data flow for a page 
destined to be printed by a single SoPEC. Band usage information is generated by the individual SoPECs 
and passed back to the host. 



Host RIP 



page/band header 



bi4eve1 plane 



oontono interleaved 
plane 



tag data plane 



SCB 

r 1 

I passed through I ^ 



SoPEC's ORAM 



I passed through. | 



passed through 



I 



f passed thfouoh . I ^ 



L. . . . ^ ^ 



page/band header 



bhleve! plane 



contone interleaved 




tag data plane 



register commands ^ 



CPU 



SoPEC's Registers 



Figure 11. Page data path from host to SoPEC 



SoPEC has an addressing mechanism that permits circular band memory allocation, thus facilitating easy 
memory management. However it is not strictly necessary that all bands be stored together As long as the 
appropriate registers in SoPEC are set up for each band, and a given band is contiguous ^ the memory can 
be allocated in any way. 



I. Contiguous allocation also includes wrapping around in SoPEC's band store memory. 
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8.1 Print engine example page format 

This section describes a possible fonnat of compressed pages expected by the embedded CPU in SoPEC. 
The foniiat is generated by sofhvare in the host PC and interpreted by embedded software in SoPEC. This 
section indicates the type of information in a page format structure, but implementations need not be lim- 
ited to this format The host PC can optionally perform the majority of the header processing. 

The compressed format and the print engines are designed to allow real-time page expansion during print- 
ing, to ensure that printing is never interrupted in the middle of a page due to data undcrrun. 

The page fonnat described here is for a single black bi-level layer, a contone layer, and a Netpage tag 
layer. The black bi-level layer is defined to composite over the contone layer. 

The black bi-level layer consists of a bitmap contaming a 1-bit opacity for each pixel. This black layer 
mane has a resolution which is an integer or non-integer factor of the printer's dot resolution. The highest 
supported resolution is 1600 dpi, i.e. the printer's full dot resolution. 

The contone layer, optionally passed in as YCrCb, consists of a 24-bit CMY or 32-bit CMYK color for 
each pixel. This contone image has a resolution which is an integer or non-integer &ctor of the printer's 
dot resolution. The requirement for a single SoPEC is to support 1 side per 2 seconds A4/Letter printing at 
a resolution of 267 ppi, i.e. one-sixth the printer's dot resolution. 

Non-integer scaling can be performed on both the contone and bi-level images. Only integer scaling can be 
performed on the tag data. 

The black bi-level layer and the contone layer are both in compressed form for efficient storage in the 
printer's internal memory. 

8.1.1 Page structure 

A single SoPEC is able to print with full edge bleed for Letter and A3 via different stitch part combina- 
tions of the bi-lithic printhead. It imposes no margins and so has a printable page area which corresponds 
to the size of its paper. The target page size is constrained by the printable page area, less the explicit (tar- 
get) left and top margins specified in the page description. These relationships are illustrated below. 
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Figure 12. Page structure 
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8.1 .2 Compressed page format 

Apart from being implicitly defined in relation to the printable page area, each page description is com- 
plete and self-contained. There is no data stored separately from the page description to which the page 
description refers. ^ The page description consists of a page header which describes the size and resolution 
of the page, followed by one or more page bands which describe the actual page content 

B.1.2.1 Page header 

Table 3 shows an example format of a page header. 



Table 3. Page header fonriat 









signature 


16-bit integer 


Page header format signature. 


version 


16-t)ft integer 


Page header format version number. 


structure size 


16-"bit integer 


oi^e oi paye ncciocr* 


band count 


1643rt integer 


Number of bands specified for this page. 


target resolution (dpi) 


16-bit integer 


Resolution of target page. This is always 1 600 for the Memjet 
printer 


target page width 


16-bit integer 


Width of target page, in dots. 


target page height 


32-bit integer 


Height of target page. In dots. 


target teft marglri for black and 
contone 


16-bit integer 


Wkfth of target left margin, In dots, for black and contone. 


target top margin for black and 
oontone 


16-bit integer 


Height of target top margin, in dots, for black and contone. 


target right margin for black and 
contone 


16-blt integer 


Wkfth of target right margin, in dots, for l)lack and confone. 


target bottom margin for black 
and contone 


16-bit integer 


Height of target tx>ttom margin, in dots, for blade and contone. 


target left margin for tags 


1 6-bit Integer 


WkJth of target left margin, in dots, for tags. 


target top margin for tags 


16-bit integer 


Hefght of target top margin, in dots, for tags. 


target right margin for lags 


16-1^ integer 


Width of target right margin, In dots, for tags. 


target kx>ttom margin for tags 


16-l>it integer 


Height of target tK>ttom n^rgln, In dots, for tags. 


generate tags 


1 6-bit Integer 


Specifies whether to generate tags for this page (0 - no. 1 < 
yes). 


fixed tag data 


128-bit integer 


This is only valid if generate tags is set 


tag verdcai scale factor 


16-bit integer 


Scale factor in vertical direction from tag data resolution to tar- 
get resolutfon. Valid range =1-511. Integer scaling only 


tag horizontal scale factor 


16-bit integer 


Scale factor in horizontal direction from tag data resolution to 
target resolutton. Valkl range s 1-511. Integer scaling only. 


bi-level layer vertical scale factor 


16-bit integer 


Scare factor in vertfoal direction from bi-levei resolution to tar- 
get resolution (must be 1 or greater). May be non-integer. 
Expressed as a fraction with upper 8-bils the numerator and 
the tower 8 bits the denominator. 



I, SoPEC relics on dither matrices and tag stmcturcs to have already been set up, but these are not considered to be part of a general page 
tormat, U is trivial to extend the page fonmat to allow exact specification of dither matrices and tag strucmrcs. 
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Table 3. Page header format 









bi-l6vet layer horizontal scald fee- 
tor 


le-t^t integer 


Scale factor in horizontal direction from bi-level resolution to 
target resolution (must be 1 or greater). May be non-Integer. 
Expressed as a fraction with upper 6-bit8 the numerator and 
the lower 8 bits the denominator. 


bMevel layer page width 


16-bit integer 


Width of bi-level layer page, in pixels. 


bMevel layer page height 


32-bit integer 


Height of bl-level layer page, in pixels. 


oontone flags 


.16 bit Integer 


Defines the color conversion that is required for the JPEG 
data. 

Bits 2-0 specify how many contone planes there are (e.g. 3 for 
CMY and 4 tor CMYK). 

Bit 3 specifies whether the first 3 color planes need to be cor>- 
verted back from YCiCb to CMY On vaild if b2-0 s 3 or 4. 

0 - no conversion, leave JPEG colors atone 

1 -color convert 

Bits 7-4 specifies whether the YCrCb was generated <firectly 
from CMY, or whether it was converted to RGB first via the 
step: R = 255-C. G ^ 2S5-M B = 255-Y Each of thp minr 
planes can be individually Inverted. 
Bit 4: 

0 - do not invert color plane 0 

1 - Invert color plane 0 
Bits: 

0 - do not invert color plane 1 

1 - Invert color plane 1 
Bite: 

0 - do not Invert color plane 2 

1 • invert odor plane 2 
Bit 7: 

0 - do not invert color plane 3 

1 - invert color plane 3 

Bit 8 specifies whether the contone data is JPEG compressed 
or non-compressed: 

0 - JPEG compressed 

1 - non-compressed 

The remaining bits are reserved (0). 


oontone vertical scale factor 


16-bit integer 


ScaJe factor in vertical direction from oontone channel resoiu- 
tion to target resolution. Valid range = 1 -255. May be non-inte- 
ger. 

Expressed as a fraction with upper 8-bits the numerator and 
the lower 8 bits the denominator. 






oontone horizontal scale bctor 


16-bit integer 


Scale factor in horizontal direction from contone channel reso- 
lution to target resolution. Valid range = 1-255. May be non- 
integer. 

Expressed as a fraction with upper 8-bits the numerator and 
the lower 6 bits the derK>minator. 


contone page width 


16-bit integer 


Width of contone page, in oontone pixels. 


contone page height 


32-bit integer 


Height of contone page. In contone pixels. 


reserved 


up to 128 
bytes 


Reserved and 0 pads out page header to multiple of 128 
bytes. 



The page header contains a signature and version which allow the CPU to identify the page header format 
If the signature and/or version are missing or incompatible with the CPU, then the CPU can reject the 
page. 
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The contone flags define how many contone layere are present, which typically is used for defining 
whether the contone layer is CMY or CMYK. Additionally, if the color planes are CMY, they can be 
optionaUy stored as YCrCb, and ftirthcr optionally color space converted from CMY directly or via RGB 
Finally the contone data is specified as being either JPEG compressed or non-compressed. 
The page header defines the resolution and size of the target page. The bi-Ievel and contone layers are 
clipped to the target page if necessary. This happens whenever the bi-level or contone scale factors are not 
factors of the target page width or height. 

The target left, top, right and bottom maigins define the positioning of the target page within the printable 
page area. 

The tag parameters specify whether or not Nctpage tags should be produced for this page and what orien- 
tation the tags should be produced at (landscape or portrait mode). The fixed tag data is also provided. 
The contone, bi-level and tag layer parameters define the page size and the scale factors. 

8,1.2.2 Band format 

Table 4 shows Ae format of the page band header. 
Table 4. Band header format 









agnature . 


16-blt integer 


Page band header format signature. 


verston 


ie43it integer 


Page t>and header format versfon number. 


stnicture size 


16-bft integer 


Size of page band header. 


bi-level layer band herght 


16-bit integer 


Height of bi-level layer band, in black pixels. 


tri-level layer band data size 


32-bH integer 


Size of bi-leveJ layer band data, in bytes. 


contone band height 


16-brt integer 


Height of contone band, in contone pixels. 


contone band data size 


32-bil integer 


Size of contone plane band data, in bytes. 


tag band height 


16'bit integer 


Height of tag band, In dots. 


tag band data size 


32-bit integer 


Size of unencoded tag data band, in bytes. 

Can be 0 which Indicates that no tag data is 
provided. 


reserved 


up to 128 
bytes 


Reserved and 0 pads out band header to 
multiple of 128 bytes. 



The bi-Ievel layer parameters define the height of the black band, and the size of its compressed band data. 
The vanable-size black data follows the page band header. 

The contone layer parameters define the height of the contone band, and the size of its compressed page 
data. The variable-size contone data follows the black data. 

The tag band data is the set of variable tag data half-lines as required by the tag encoder. The format of the 
tag data is found m Section 26.5.2. The tag band data follows the contone data. 

Table 5 shows the format of the variable-size compressed band data which follows the page band header. 
Table 5. Page band data format 









black data 


Modified G4 facsimile bitstream^ 


Compressed bi-level layer. 


contone data 


JPEG bytestream 


Compressed contone datalayer. 


tag data map 


Tag data array 


Tag data format. See Section 26.5.2. 
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1, See section 8.1 .2.3 on page 31 for note fegarding the use of this standard 

The start of each variable-size segment of band data should be aligned to a 256-bit DRAM word boundary. 

The foilowing sections describe the format of the compressed bi-level layers and the compressed contone 
layer, section 26.5.1 on page 365 describes the format of the tag data structures. 



6. f .2.3 BNevei data compression 



The (typically 1600 dpi) black bi-level layer is losslessly compressed using Silveibrook Modified Group 4 
(SMG4) compression which is a version of Group 4 Facsimile compression [18] without Huffinan and 
with simplified mn length encodings. Typically compression ratios exceed 10: L The encoding are listed in 
Table 6 and Table 7 



Table 6. Bl-Level group 4 facslnnlle style compression encodings 





mm 






imlle 


1000 


Pass Command: aO <- b2, skip next tww> edges 


1 


Verttcat(0}: aO <- b1 , color = Icolor 


1 


110 


Vertica((1): aO <- b1 -f 1 , color = tcolor 


-I 


010 


Vertica!(-1): aO b1 - 1 , color = Icolor 


?l 


110000 


VerticaJ{2): aO 4- b1 2. color = icolor 


So 


010000 


Vertical(-2): aO «- b1 - 2, color s Icolor 


)this 
itation 


100000 


V©rtical(3): aO b1 + 3, color s Icolor 


000000 


Verttcal(*3}: aO <- b1 - 3, color = lodor 


Si 


<RI^<RL>100 


Horizontal: aO ^ aO <f <RL> -i- <RL> 


Unlq 
impli 









SMG4 has a pass through mode to cope with local negative compression. Pass through mode is activated 
by a special lun-length code. Pass through mode continues to either end of line or for a pre-progranmied 
number of bits, whichever is shorter. The special run-length code is always executed as a run-length code, 
followed by pass through. The pass through escape code is a mediimi length run-length with a run of less 
than or equal to 31. 

Table 7. Run length (RL) encodings 



<n o 

•— -ja 
^ CO 

o c 
tt> 

® E 

11 



RRRRR1 


Short White Runlength (5 bits) 


RRRRRRRRRR10 


Medium Black Runlength (10 k)its) 


RRRRRRRR10 


Medium White Runlength (8 bits) 


RRRRRRRRRR1Q 


Medium Black Runlength with RRRRRRRRRR <zs 3^, 
Enter pass through 


RRRRRRRR10 


Medium White Runlength with RRRRRRRR <- 31 . 
Enter pass through 


RRRRRRRRRRRRRRROO 


Long Black Runlength (15 bits) 


RRRRRRRRRRRRRRROO 


Long White Runlength (15 bits) 
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Since the compression is a bitstream, the encodings are read right Oeast significant bit) to left (most signif- 
icant bit). The run lengths given as RRRR in Table 7 are read in the same way Oeast significant bit at the 
right to most significant bit at the left). 

Each band of bi-level data is optionally self contained. The first line of each band therefore is based on a 
•previous* blank line or the last line of the previous band. 



• 8.1.2.3.1 Group 3 and 4 facsimile compression 

The Group 3 Facsimile compression algorithm (18] iosslessly compresses bi-level data for transmission ♦ 
over slow and noisy telephone lines. The bi-level data represents scanned black text and graphics on a 
white background, and the algorithm is tuned for this class of images (it is explicitly not tuned, for exam- 
ple, for halftoned bi-level images). The ID Group 3 algorithm runlength-encodes each scanline and then 
Huftman-encodes the resulting runlengths. Runlengths in the range 0 to 63 are coded with terminating 
codes. Runlengths in the range 64 to 2623 are coded with make-up codes, each representing a multiple of 
64, followed by a terminating code. Runlengths exceeding 2623 are coded with multiple make-up codes 
followed by a terminating code. The Huftman tables are fixed, but arc separately tuned for black and white 
runs (except for make-up codes above 1728, which are common). When possible, the 2D Group 3 algo- 
rithm encodes a scanline as a set of short edge deltas (0. ±1. ±2. ±3) with reference to the previous scan- 
line. The delta symbols are entropy-encoded (so that the zero delta symbol is only one bit long etc.) Edges 
within a 2D-encoded line which can't be delta-encoded are ninlength-encoded, and are identified by a pre- 
fix, ID- and 2D-cncoded lines are marked differently. ID-encoded lines are generated at regular intervals, 
whether actually required or not, to ensure that tiie decoder can recover from line noise with minimal 
image degradation. 2D Group 3 achieves compression ratios of up to 6:1 [28]. 

The Group 4 Facsimile algorithm [18] Iosslessly compresses bi-level data for transmission over error-free 
communications lines (i.e. the lines are truly error-free, or error-correction is done at a lower protocol 
level). The Group 4 algorithm is based on the 2D Group 3 algorithm, with the essential modification that 
since transmission is assumed to be eiror-fi^e, ID-encoded lines are no longer generated at regular inter- 
vals as an aid to error-recovery. Group 4 achieves compression ratios ranging firom 20:1 to 60:1 for the 
CCnr set of test images [28]. 

The design goals and performance of the Group 4 compression algorithm qualify it as a compression algo- 
rithm for the bi-level layers. However, its Huffman tables are tuned to a lower scanning resolution (100- 
400 dpi), and it encodes runlengths exceeding 2623 awkwardly. 



B.I. 2.4 Contone data compression 

The contone layer. (CMYK) is either a non-compressed bytestream or is compressed to an interleaved 
JPEG bytestream. The JPEG bytestream is complete and self-contained. It contains all data required for 
decompression, including quantization and HufiTman tables. 

The contone data is optionally converted to YCrCb before being compressed (ther« is no specific advan- 
tage in color-space converting if not compressing). Additionally, the CMY contone pixels are optionally 
converted (on an individual basis) to RGB before color conversion using R=255-C, G=255-M. B=255-Y 
Optional bitwise inversion of the K plane may also be performed. Note that this CMY to RGB conversion 
IS not intended to be accurate for display purposes, but rather for the purposes of later converting to 
YCrCb. The inverse transform will be applied before printing. 



8.1.2.4.1 JPEG compression 



The JPEG compression algorithm [23] lossily compresses a contone image at a specified quality level. It 
introduces imperceptible image degradation at compression ratios below 5:1, and negligible image degra- 
dation at compression ratios below 10:1 [29]. 
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JPEG typically first transforms the image into a color space which separates luminance and chrominance 
into separate color channels. This allows the chrominance channels to be subsampled without appreciable 
loss because of the human visual system's relatively greater sensitivity to luminance than chrominance. 
After this first step, each color channel is compressed separately. 

The image is divided into 8x8 pixel blocks. Each block is then transformed into the frequency domain via 
a discrete cosine transform (DCT). This transformation has the effect of concentrating image energy in rel- 
^ivcly lower-frequency coefficients, which allows higher-frequency coefficients to be more crudely quan- 
tized. This quantization is the principal source of compression in JPEG. Further compression is achieved 
by ordering coefficients by frequency to maximize the likelihood of adjacent zero coefficients, and then 
runlength-encoding runs of zeroes. Finally, the runlengths and non-zero frequency coefficients are entropy 
coded. Decompression is the inverse process of compression. 

8.1.2.4.2 Non-compressed format ^ 

If the contone data is non-compressed; it must be in a block-based format bytestream with the same pixel 
order as would be produced by a JPEG decoder. The bytestream therefore consists of a series of 8x8 block 
of the original image, starting with the top lef^ 8x8 block, and working horizontally across the page (as it 
will be printed) until the top rightmost 8x8 block, then the next row of 8x8 blocks Oeft to right) and so on 
until the lower row of 8x8 blocks (left to right). Each 8x8 block consists of 64 8-bit pixels for color plane 
0 (representing 8 rows of 8 pixels in the order top left to bottom right) followed by 64 8-bit pixels for color 
plane 1 and so on for up to a maximum of 4 color planes. 

If the original image is not a multiple of 8 pixels in X or Y, padding must be present (the extra pixel data 
will be ignored by the setting of margins). 

8.1.2.4.3 Compressed format 

If the contone data is compressed the first memory band contains JPEG headers (including tables) plus 
MCUs (minimum coded vmits). The ratio of space between the various color planes in the JPEG stream is 
1:1:1:1. No subsampling is permitted. Banding can be completely arbitrary i.e there can be multiple JPEG 
images per band or 1 JPEG image divided over multiple bands. The break between bands is only memory 
alignment based. 

8.1.2.4.4 Conversion of RGB to YCrCb (in RIP) 

YCrCb is defined as per CCIR 601-1 [20] except that Y. Cr and Cb are normalized to occupy all 256 levels 
of an 8'bit binary encoding and take account of the actual hardware implementation of the inverse trans- 
form within SoPEC. 

The exact color conversion computation is as follows: 

• Y* = (9805/32768)R + (1 923 5/3 276 8)G + (3728/32768)8 

• Cr* = (16375/32768)R - (1371 6/3 2768)G - (2659/32768)B -i- 128 

• Cb* - -(5529/32768)R - (10846/32768)0 + (16375/32768)3 + 1 28 

Y, Cr and Cb are obtained by rounding to the nearest integer. There is no need for saturation since ranges 
of Y*, Cr* andCb* after rounding are [0-255], [1-255] and [1-2551 respectively. Note that JuU accuracy is 
possible with 24 bits. See [14] for more information. 
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9 Overview 



The Small Office Home Office Print Engine Controller (SoPEC) is a page rendering engine ASIC that 
takes compressed page images as input, and produces decompressed page images at up to 6 channels of bi- 
level dot data as output. The bi-level dot data is genorated for the Memjet bi-lithic printhead The dot gen- 
eration process takes account of printhead constmction. dead nozzles, and allows for fixative generation. 
A single SoPEC can control 2 bi^ithic printheads and up to 6 color channels at 10,000 lines/sec\ equating 
to 30 pages per minute. A single SoPEC can perform full-bleed printing of A3, A4 and Letter pages. The 6 
channels of colored ink are the expected maximum in a consumer SOHO. or office Bi-lithic printing envi- 
ronment: 

• CMY, for regular color printing. 

• fC, for black text, line graphics and gray-scale printing. 

• IR (infrared), for Nctpage-enabled [5] applications. 

• F (fixative), to enable printing at high speed. Because the bi-Uthic printer is capable of printing so fast, 
a fixative may be required to enable the ink to dry before the page touches the page already printed! 
Otherwise the pages may bleed on each other. In low speed printing environments the fixative may not 
be required. 

. SoPEC is color space agnostic. Although it can accept contone data as CMYX or RGBX, where X is an 
optional 4th channel, it also can accept contone data in any print color space. Additionally. SoPEC pro- 
vides a mechanism for arbitrary mapping of input channels to output channels, including combining dots 
for ink optimization, generation of channels based on any number of other channels etc. However, inputs 
are typically CMYK for contone input, K for the bi-levcl input, and the optional Netpage tag dots are typ- 
ically rendered to an infra-red layer: A fixative channel is typically generated for fast printing applications. 

SoPEC is resolution agnostic. It merely provides a mapping between input resolutions and output resolu- 
tions by means of scale factors. The expected output resolution is 1600 dpi, but SoPEC actually has no 
knowledge of the physical resolution of the Bi-lithic printhead. 

SoPEC is page^length agnostic. Successive pages are typically split into bands and downloaded into the 
page store as each band of infoxmatioQ is consumed and becomes free. 

SoPEC provides an interface for synchronization with other SoPECs. This allows simple multi-SoPEC 
solutions for simultaneous A3/A4/Letter duplex printing. However, SoPEC is also capable of printing only 
a portion of a page image. Combining synchronization fimctionality with partial page rendering allows 
multiple SoPECs to be readily combined for alternative printing requirements including simultaneous 
duplex printing and wide format printing. 

Table 8 lists some of the features and corresponding benefits of SoPEC. 
Table 8. Features and Benefits of SoPEC 







optimised print architecture in hardware 


30ppm futi page photographic quatity color printing 
from a deslctop PC 


0.1 3micron CMOS 
(>3 million transistors) 


l-lrgh speed 

Low cost 

High functionality 



1. 10»000 lines per second equates to 30 A4/Lctter pages per minute at 1600 dpi 
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Table 8. Features and Benefits of SoPEC 







900 Miinon dots per second 


Extremely fast page generation 


1 0,000 lines per second at 1 600 dpi 


0.5 A4/Letter pages per SoPEC chip per second 


1 chip drives up to 133.920 nozzles 


Low cost page-width printers 


1 chip drives up to 6 color planes 




Integrated ORAM 


No external memory required, leading to low cost 
systems 


Power saving sleep niode 


SoPEC can enter a power saving sleep mode to 
reouce power aisstpation oetween pnnt Jobs 


JPEG expansion 


Low bandwidth lirom PC 

Low memory requirements in printer 


Lossless bitplane expansion 


High resolution text and line art with tow bandwidth 
from r*\j (e.g. over USB) 




Generates interactive paper 


oui%^Bsui; Qispersea ooi Oiiner 


Optically smooth image quality 
No moire effiects 


Hanlware compositor for 6 image planes 


Pages composited bt real*time 


weau iRj^Ao 1 ipensauon 


Extends printhead life and yield 
Reduces printhead cost 


Color space agnostfc 


Compatil>le with cdl inksets and image sources 
Inclutfng RGB, CMYK, spot, CIE L*&V, hex- 
achrome, YCrCbK, sRQB and other 


Color space conversion 


Higher quality / lower bandwidth 


Computer interface 


USB1.1 interface to Host and ISI interface to ISf- 
Bridge chip thereby allowing connection to IEEE 

1394, Bluetooth etc. 


Cascadable in resolution 


Printers of any resohitton 


Cascadable in color depth 


Special color sets e.g. hexachrome can l>e used 


Cascadable in image sfze 


Printers of any width up to 16 inches 


Cascadat>le in pages 


Primers can print both sides simultaneously 


Cascadable in speed 


Higher speeds are possible by having each SoPEC 
print one vertical strip of tt>e page. 


Fbcative channel data generation 


Extremely fast ink drying without wastage 


Buat-in security 


Revenue models are protected 


Undercolor removal on dot-by-dot basis 


Reduced ink usage 


Does not require Ibnts for high speed 

operation 


No font substitution or missing fonts 


Flexible printhead configuration 


Many configurations of printheads are supported by 
one chip type 


Drives Bi-lithic printheads directly 


No print driver chips required, results in lower cost 


Determines dot accurate ink usage 


Removes need for physical Ink monitoring system in 
ink cartridges 



9,1 Printing rates 

The required printing rate for SoPEC is 30 sheets per minute with an inter-shcet spacing of 4 cm. To 
achieve a 30 sheets per minute print rate, this requires: 
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300nmi x 63 (dot/mm) / 2 sec » 105.8 pseconds per line, with no inter-sheet gap. 
340mm x 63 (dot/mm) / 2 sec - 93.3 |iseconds per line, with a 4 cm inter-sheet gap. 

w£"?lo-f/^' P^^"^ '''''^'^ ^^^^"^ ^'^^^^ P^S^ At a system clock rate of 160 

MHz 13824 dots of data can be generated in 86.4 Mseconds. Therefore data can be generated fast enough 
to meet the panting speed requirement It is necessary to deUver this print data to the print-heads. 
Printheads can be made up of 5:5, 6:4, 7:3 and 8:2 inch printhead combinations [2]. Print data is trans- 
ferred to both prmt heads in a pair simultaneously. This means the longest time to print a line is determined 
by die toe to transfer print data to the longest print segment. There aie 9744 nozzles across a 7 inch print- 
head. The prmt data is transferred to the printhead at a rate of 106 MHz (2/3 of the system clock rate) per 
color plane. This means that it wiD take 91.9 [is to transfer a single line for a 7:3 printhead configuration 
So we can meet the requirement of 30 sheets per minute printing with a 4 cm gap with a 7:3 printhead 
combination. There are 1 1 1 60 across an 8 inch printhead. To transfer the data to the printhead at 1 06 MHz 
will take 1053 ms. So an 8:2 printhead combination printing with an inter-sheet gap will print slower than 
30 sheets per minute. 



9.2 SoPEC BASIC ARCHITECTURE 



From the highest point of view die SoPEC device consists of 3 distinct subsystems 

• CPU Subsystem 

• DRAM Subsystem 

• Print Engine Pipeline (PEP) Subsystem 

See Figure 1 3 for a block level diagram of SoPEC. 



9.2.1 CPU Subsystem 



The CPU subsystem controls and configures all aspects of die other subsystems. It provides general sup- 
port for mterfacmg and synchronising the external printer with the internal print engine. It also controls the 
low speed communication to the QA chips. The CPU subsystem contains various peripherals to aid the 
CPU, such as GPIO (mcludes motor controD, interrupt controUcr. LSS Master and general timers The 
Senal Communications Block (SCB) on the CPU subsystem provides a fiill speed USBl .1 interface to the 
Host as well as an Inter SoPEC Interface (FSI) to other SoPEC devices. 

9.2.2 DRAM Subsystem 

The DRAM subsystem accepts requests from the CPU, Serial Communications Block (SCB) and blocks 
within the PEP subsystem. The DRAM subsystem (in particular the DIU) arbitrates the various requests 
and (letermines which request should win access to the DRAM. The DIU arbitrates based on configured 
parameters to aUow sufficient access to DRAM for aU requestors. The DIU also hides the implementation 
specifics of the DRAM such as page size, number of banks, refresh rates etc. 

9.2.3 Print Engine Pipeline (PEP) subsystem 

The Print Engine Pipeline (PEP) subsystem accepts compressed pages from DRAM and renders them to 
bi-lcvel dots for a given print Ime destined for a printhead interface that communicates directly with up to 
2 segments of a bi-lithic printhead 

The first stage of the page expansion pipeline is the CDU, LED and TE. The CDU expands the JPEG-com- 
pr«;scd contone (typicaUy CMYK) layer, the LBD expands the compressed bi-level layer (typically K) 
and the TE encodes Netpage tags for later rendering (typically in IR or K ink). The output from the first 
stage IS a set of buffers: the CPU, SFU. and TFU. The CPU and SFU buffere are implemented in DRAM 
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The second stage is the HCU. which dithers the contone layer, and composites position tags and the bi- 
level spotO layer over the resulting bi-level dithered layer. A number of options exist for the way in which 
compositing occurs. Up to 6 channels of bi-Ievel data are produced from this stage. Note that not all 6 
channels may be present on the printhead For example, the printhead may be CMY only, with K pushed 
mto the CMY channels and IR ignored Alternatively, the position tags may be printed in K if IR ink is not 
available (or for testing purposes). 

The third stage PNC) compensates for dead nozzles in the printhead by color redundancy and error dif- 
fusing dead nozzle data into surrounding dots. 

The resultant bi-level 6 channel dot-data (typically CMYK-IRF) is buffered and written out to a set of line 
buffers stored in DRAM via the DWU. 

Finally, the dot-data is loaded back from DRAM, and passed to the printhead iuterface via a dot HFO The 
dot FIFO accepts data from the LLU at the system clock rate (pc/Jfc), while the PHI removes data froiii the 
FIFO and sends it to the printhead at a rate of 2/3 times the system clock rate (see Section 9.1). 
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9.3 SoPEC Block Description 

Looking at Figure 13, the various units are described here in sununazy form: 



Tabfe 9. Units within SoPEC 









DRAM 


DtU 


DRAM [nterfaco unit 


Provides the Inteitace for DRAM read and write access 
for the various SoPEC units, CPU and the SCB block. 
The DIU provides arbitration between competing units 


ORAM 


Embedded DRAM 


20Mbits of embedded DRAM, 


CPU 


CPU 


Central Processing Unit 


CPU for system configuration and control 


MMU 


Memory Management Unit 


Limits access to certain memory address areas in CPU 
user nxKte 


ROU 


Real-time Detsug Unit 


Facilitates the observation of the contents of most of the 
CPU addressat)le registers in SoPEC in addition to 
some pseudo-registers in realtime. 


TIM 


General Timer 


Contains watchdog and general system timers 


tss 


Low Speed Serial Interfaces 


Low level controller for interfka'ng with the OA chips 


GPIO 


GeneiaJ Purpose iOs 


General lO controller, with built-in Motor control unit, 
LED pulse units and de^litch circuitry 


ROM 


Boot ROM 


1 6 KBytes of System Boot ROM code 


ICU 


Interrupt Controller Unit 


General Purpose interrupt controller with configurable 
priority, and masking. 


CPR 


Clock. Power and Reset 
btodc 


Central Unit for controlling and generating the system 
docks and resets and powenJown mechanisms 


PSS 


Power Save Storage 


Storage retained while system is powered down 


USB 


Universal Serial Bus Device 


USB device controller for interfacing wHh the Host USB. 


ISl 


Inter-SoPEC Interface 


' ISl controller for data and control communlcatfon with 
other SoPEC*8 in a multi-SoPEC system 


SCB 


Serial Communication Block 


Contains both the USB and ISl blocks. 



Doc: SoPEC_hardware_design. 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 40 



SoPEC : Hardware Design 



Table 9. Units within SoPEC 









Print Engine 

Pipeline 

(PEP) 


PCU 


PEP controller 


Provides exterrraJ CPU with the means to read and write 
PEP Unit registers, and read and write ORAM in single 
32-bit chunks. 




CDU . 


Contone decoder unit 


Expands JPEG compressed contone layer and writes 
decompressed contone to DRAM 




CFU 


Contone FIFO UnH 


Provides tine buffering between CDU and HCU 




LBD 


Lossless Bi-levei Decoder 


Expands compressed bi-level layer. 




SFU 


op VI ■ i< w unii 


^rAuiHcM lino IvtffArInn Kotu/OAn 1 Rr^ anH l-f^I 1 

r^i0viao9 lino uunonng ociweGn i-dl^ bjiu riv<»vy 




TE 


Tag encoder 


Encodes tag data into line of tag dots. 




TFU 


Tag FIFO Unit 


Provides tag data storage between TE and HCU 




HCU 


Halftoner compositor unit 


Dithers contone layer and composites the bi-level spot 0 
and position tag dots. 




DNC 


Dead Nozzle Compensator 


Compensates for dead nozzles by color redundancy and 
error diffusing dead nozzie data into surrounding dots. 




DWU 


OotUne Writer Unit 


Writes out the 6 channels of dot data for a given printSne 
to the tine store DRAM 




LLU 


Line Loader Unit 


Reads the expanded page image from line store, format- 
ting the data appropriately for the bi-Gthic printhead. 




PHI 


Printl-lead Interface 


Is responsible for sending dot data to the bi-lilhic print- 
heads and tor providing line synchronization between 
multiple SoPECs. Aiso provides test intertace to print- 
head such as temperature monitorir^ and Dead N6zzle 
Identification. 



9.4 Addressing scheme in SoPEC 

SoPEC must address 

• 20 Mbit DRAM. 

• PCU addressed registers in PEP. 

• CPU-subsystem addressed registers. 

SoPEC has a unified address space with the CPU capable of addressing all CPU-subsystem and PCU-bus 
accessible registers (in PEP) and all locations in DRAM. Tbe CPU generates byte-aligned addresses for 
the whole of SoPEC. 

22 bits are sufficient to byte address the whole SoPEC address space. 

9.4.1 DRAM addressing scheme 

The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbits of DRAM. 

Most blocks read or write 2S6-bit words of DRAM. Therefore only the top 17 bits i.e« bits 21 to 5 ate 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU which can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required, 

• The CPU-subsystem always generates a 22-bit byte-aligned DIU address but it will send flags to the 
DIU indicating whether it is an 8, 16 or 32-bit write. 
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All DIU accesses must be within the same 256-bit aligned DRAM word 

9.4.2 PEP Unit DRAM addressfng 

PEP Unit configuration registers which specify DRAM locations should specify 256-bit aligned DRAM 
addresses i.e. using address bits 21:5. Legacy blocks from PECl e.g. the LED and TE may need to specify 
64-bit aligned DRAM addresses if these reused blocks DRAM addressing is difficult to modify. These 64- 
bit aligned addresses require address bits 21:3. However, these 64-bit aligned addresses should be pro- 
grammed to start at a 256-bit DRAM word boundary. 

Unlike PECl, there are no constraints in SoPEC on data oiganization in DRAM except that all data struc- 
tures must start on a 256-bit DRAM boundary. If data stored is not a multiple of 256.bits then the last word 
should be padded. 



9.4.3 CPU*bus addressed registers 

The CPU-bus supports 32-bit word aligned read and write accesses with variable access timings. See sec- 
tion 1 1.4 for more details of the access protocol used on this bus. The CPU-bus does not currently support 
byte reads and writes but this can be added at a later date if required by impoited IP. 



9.4.4 PCU addressed registers in PEP 

The PCU only supports 32-bit register reads and writes for the PEP blocks. As the PEP blocks only occupy 
a subsection of the overaU address map and the PCU is expUcitly selected by the MMU when a PEP block 
IS being accessed the PCU does not need to perforai a decode of the higher-order address bits. See 
Table 1 1 for the PEP siibsystem address map. 
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9.5 SoPEC Memory Map 

9.5.1 Main memory map 

The system wide memory map is shown in Figure 14 below. The memory map is discussed in detail in 
Section 1 1 Central Processing Unit (CPU). 



Accesses in this 
area are not 
allowed and 
result in a txis 
error exception. 



Accesses in this 
area are via the 
CPU bus and are 
controfled by 
permissions set in ^ 
each peripheral. 



Accesses in this 
area are via the 
OtU bus and are 
oontrolled by 
permissions set tn\ 
the MMU. 




OxFFFF^FFFF 



PCU Mapped Registers 



Peripheral Registers 



ROM 



DRAM 



0x0O2A_COO0 
Ox002A_0000 
0x0029_0000 
0x0028.0000 




DRAM 
Regions 



0x0000 0000 



Figure 14. Proposed SoPEC CPU memory map (not to scale) 
9.5.2 CPU-bus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 10 below. The MMU 
perfonns the decode of cpu_adr[2I:I2J to generate the relevant cpujblock^elect signal for each block. 
The addressed blocks decode however many of the lower order bits of cpu_adr[ll:2] are required to 
address all the registers within the block. 



Table 10, CPU-bus peripherals address map 







MMU.base 


0x0029_0000 


TIM_base 


0x0029^1000 


LSS_t>as© 


0x0029.2000 


GPIO^base 


0x0029^000 


SCB^base 


0x0029^4000 
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Table 10. CPU-bus peripherals address map 







ICU_base 


0x0029.5000 


CPR.baae 


0x0029^6000 


ROM^base 


0x0029_7000 


DlU.base 


0x0029.8000 


PSS.base 


0x0029.9000 


Reserved 


OX0029.AOOO to Ox0029_FFFF 


PCU^base 


0X002A.O0OO to Ox002A_BFFF 



9.5.3 PCU Mapped Registers (PEP blocks) address map 

The PEP blocks are addressed via the PCU. From Figure 14, the PCU mapped registers are in the range 
0xO02A_0O00 to 0x002A_BFFF. From Table I lit can be seen that there arc 1 2 sub-blocks within the PCU 
address space. Therefore, only four bits are necessary to address each of the sub-blodks within the PEP 
part of SoPEC. A further 12 bits may be used to address any configurable register within a PEP block. This 
gives scope for 1024 configurable registers per sub-block (the PCU mapped registers are all 32-bit 
addressed registers so the upper 10 bits are required to individually address them). This address will come 
either from the CPU or from a conmiand stored in DRAM. The bus is assembled as follows: 

• address[15:12]- sub-block address, 

• address[n:2] » register address within sub-block, only the number ofbits required to decode the regis- 
ters within each sub-block are used, 

• address[l :0] byte address, unused as PCU mapped registers are all 32-btt addressed registers. 

So for the case of the HCU, its addresses range from 0x7000 to 0x7FFF within the PEP subsystem or from 
OxO02A_7O00 to 0x002A_7FFFF in the overall system. 



Table 1 1 . PEP blocks address inap 







PCU^base 


Ox002A_0000 


CDU.t>ase 


0x002A^1000 


CFU^baso 


0x002A..^0O0 


LBO^base 


OX002A.3000 


SFU.base 


Ox002A^4000 


TE.base 


Ox002A^5000 


Tnj_base 


Ox002A^6000 


HCU.base 


0X002A.7000 


ONC.base 


Ox002A_8000 


DWU.base 


Ox0O2A_9OOO 


LLU.base 


OxOO2A_A0O0 


PHLbase 


OXOO2A.B000 to OX002A.BPFF 
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9.6 



Buffer management in SoPEC 



As outlined in Section 9.1, SoPEC has a requirement to print 1 side every 2 seconds i.c. 30 sides 
minute. 



Approximately 2 Mbytes of DRAM are reserved for compressed page buffering in SoPEC. If a page is 
compressed to fit within 2 Mbyte then a complete page can be transferred to DRAM before printing. How- 
ever, the time to transfer 2 Mbyte using USB 1.1 is approximately 2 seconds. The worst case cycle time to 
print a page then approaches 4 seconds. This reduces the worst-case print speed to 15 pages per minute. 



The SoPEC page-expansion blocks support the notion of page banding. The page can be divided into 
bands and another band can be sent down to SoPEC while we arc printing the current band. 

Therefore we can start printing once at least one band has been downloaded. 

The band size granularity should be carefully chosen to allow efficient use of the USB bandwidth and 
DRAM buffer space. It should be small enough to allow seamless 30 sides per minute printing but not so 
small as to introduce excessive CPU overhead in orchestrating the data transfer and parsing the band head- 
ers. Band-finish intemipts have been provided to notify the CPU of free buffer space. It is likely that the 
Host PC will supervise the band transfer and buffer management instead of the SoPEC CPU. 

If SoPEC starts printing before the complete page has been transfened to memory there is a risk of a buffer 
undemm occurring if subsequent bands are not transferred to SoPEC in time e.g. due to insufficient USB 
bandwidth caused by another USB peripheral consuming USB bandwidth. A buffer underrun occurs if a 
line synchronisation pulse is received before a line of data has been transferred to the printhcad and causes 
the print job to foil at that line. If there is no risk of buffer undemm then printing can safely start once at 
least one band has be^ downloaded. 

If there is a risk of a buffer underrun occurring due to an interruption of compressed page data transfer, 
then the safest ^proach is to only start printing once we have loaded up the data for a complete page. This 
means that a worst case latency in the region of 2 seconds (with USBl.l) wiU be incurred before printing 
the first page. Subsequent pages will take 2 seconds to print giving us the required sustained printing rate 
of 30 sides per minute. 

A Storage SoPEC (Section 7.2.5) could be added to the system to provide guaranteed bandwidth data 
delivery. The print system could also be constructed using an ISI-Bridge chip (Section 7,2.6) to provide 
guaranteed data delivery. 

The most efficient page banding strategy is likely to be determined on a per page/ print job basis and so 
SoPEC will support the use of bands of any size. 



9.6.1 



Page buffering 



9.6.2 



Band buffering 
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10 SoPEC Use Cases 



10.1 Introduction 

This ch^ter is intended to give an overview of a representative set of scenarios or use cases which SoPEC 
can perform. SoPEC is by no means restricted to the particular use cases described here. 
In this chapter we discixss SoPEC use cases under four headings: 

1) Norma! operation use cases. 

2) Security use cases. 

3) Miscellaneous use cases* 

4) Failure mode use cases. 

Use cases for both single and multi*SoFEC systems are outlined. 
Some tasks may be composed of a number of sub-tasks. 

The realtime requirements for SoPEC software tasks are discussed in "Central Processing Unit (CPU)" 
under Section 1 1.3 Realtime requirements. 

10.2 Normal operation in a single SoPEC System with USB Host connection 

SoPEC operation is broken up into a number of sections which are outlined below. Buffer management in 
a SoPEC system is nozmally perfonned by the Host. 

10.2.1 Powerup 

Powemp describes SoPEC initialisation following an external reset or the watchdog timer system reset. 
A typical powemp sequence is: 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

13) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation. USB Wakeup. 
4) Download and authentication of program (see Section 10.5,2). 

5) Store reusable authentication results in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

8) Download and authenticate any further datasets. 

10.2.2 USB wakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
(chapter 16). Normally the CPU sub-system and the DRAM wiU be put in sleep mode but the SCB and 
power-safe storage (PSS) will still be enabled. 

Wakei^) describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled In a single SoPEC system, wakeup can be initiated following a USB reset from the SCB. 
A typical USB wakeup sequence is: 

1) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

I 3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 
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I 4) Download and authenttcatioc of pFogram using results in Power-Safe Storage (PSS) (see Section 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRINTER^QA and authenticate operating parametere. 

7) Download and authenticate using results in PSS of any faither datasets (programs). 

1 0.2.3 Print initialization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips. 

2) Download static data e,g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pre-heat sequence, if required 

10.2.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host, 
First page, first band download and processing: 

1) The Host communicates to the SoPEC CPU over the USB to check that DRAM space remaining is 
sufficient to download the first band 
I 2) The Host downloads the first band (with the page header) to DRAM. 

3) When die complete page header has been downloaded the SoPEC CPU processes the page header. 
I calculates PEP register commands and writes directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Remaining bands download and processing: 

1) Check DRAM space remaining is sufficient to download the next band. 

2) Download the next band with the band header to DRAM. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band*related register updating mechanism is being used. 

10u2.5 Start printing 

1) Wait until at least one band of the first page has been downloaded. 

One approach is to only start printing once we have loaded up the data for a complete page. If we 
start printing before the complete page has been transferred to memory we run the risk of a buffer 
undemm occurring because compressed page data was not transferred to SoPEC in time e.g. due to 
insufficient USB bandwidth caused by another USB peripheral consuming USB bandwidth. 

2) StartaUthePEPUnitsby writing to their Go registers, via PCU commands executed from DRAM 
or direct CPU writes. A rapid startup order for the PEP units is outlined in Table 12. 



Table 12. Typical PEP UnU startup order for printing a page. 







1 


DNC 


2 


DWU 


3 


HCU 
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Table 12. Typical PEP Unft startup order for printing a page. 




4 PHI 



5 



LLU 



6 



CFU. SFU.TFU 



7 



CDU 



8 



TE.LBO 



3) Print ready interrupt occurs (from PHI). 

4) Start motor control, if first page, otherwise feed the next page. This step could occur before the print 
ready internet 

5) Drive LEDs. monitor paper status. 

6) Wait for page alignment via page sensor(s) GPIO intemipt 

7) CPU instructs PHI to start producing line syncs and hence commence printing, or wait for an exter- 
nal device to produce line syncs. 

8) Continue to download bands and process page and band headers for next page. 



When the finished band flags arc asserted band related registers in the CDU, LBD, TE need to be re-pio- 
grammed before the subsequent band can be printed This can be via PCU commands from DRAM Typi- 
cally only 3-5 commands per decompression unit need to be executed. These registers can also be 
leprogrammed directly by the CPU or most likely by iQ)dating from shadow registers. The finished band 
flag intemipts the CPU to teU the CPU that the area of memoiy associated with the band is now free. 



Typically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 



These operations are typically performed when the page is finished: 

1) Page finished interrupt occurs from PHI. 

2) Shutdown the PEP blocks by de-asserting dieir Go registers. A typical shutdown order is defined in 
Table 13. This will set the PEP Unit state-machines to their idle states without resetting their config- 
uration registers. 

3) Communicate ink usage to QA chips, if required. 



10.2.G Next page(s) download 

As for first page download, performed during printing of current page. 



10,2,7 



Between bands 



10.2.8 During page print 



10.2.9 Page finish 
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Table 13. End of page shutdown order for PEP Units (TBO). 





1 


PHI (will shutdown by Itself In the normal case at the end of a page) 


2 


OWU (shutting this down stalls the DNC and therefore the HCU and above) 


3 . 


LLU (should already be hatted due to PHI at end of last line of page) 


4 


TE (this is the only dot supplier likely to be running, halted by the HCU) 


5 


CDU (this is nkefy to already be halted due to end of contone band) 


6 


CFU, SFU. TFU. LBD (order unimportant, and should already be halted due to end of 
band) 


7 


HCU. DNC (order unimportant* should already have hatted) 



1 0«2.1 0 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 

1 0.2.1 1 End of document 

1) Stop motor control. 



10.2.12 Powerdown 

In this mode SoPEC is no longer powered 

1) Instruct Host PC via USB that SoPEC is about to power down. 

10.2.13 Sleep 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
described in Section 16. 

1 ) Instruct Host PC via USB that SoPEC is about to sleep. 

2) Put SoPEC into defined sleep mode. 
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10.3 Normal operation in a Multi-SoPEC System - ISIMaster SoPEC 

In a multi-SoPEC system the Host generally manages program and compressed page download to all the 
SoPECs. Inter-SoPEC communication is over the ISI link which will add a latency. 

In the case of a multi-SoPEC system with a USB l.l connection, the SoPEC with the USB connection is 
the ISIMaster. The ISI-bridge chip is the ISIMaster in the case of an ISI-Bridge SoPEC configuration. 

In a multi-SoPEC system one of the SoPECs will be the PrintMaster. This SoPEC must manage and con- 
trol sensors and actuators e.g. motor control. These sensors and actuators could be distributed over all the 
SoPECs in the system. An ISIMaster SoPEC may also be the PrintMaster SoPEC. 

In a multi-SoPEC system each printing SoPEC wHI generaUy have its own PRINTER_QA chip (or at least 
access to a PRINTER^QA chip that contains the SoPECs SOPECJd.key) to validate operating parame- 
ters and ink usage. The results of these operations may be communicated to the PrintMaster SoPEC. 
In general the ISIMaster may need to be able to: 

• Send messages to the ISISIaves which will cause the ISISlaves to send their status to the ISIMaster. 

• Instruct the ISISIaves to perform certain opmtions. 

As the iSI is an insecure interface commands issued over the ISI are regarded as user mode commands. 
Supervisor mode code running on the SoPEC CPUs will allow or disallow these commands. The software 
protocol needs to be constructed with this in mind. 

Existing requirements indicate that it is sufficient for the ISIMaster to initiate all communication with the 
ISISIaves. 

SoPEC operation is broken up into a number of sections which are outlined below. 

10.3.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation USB Wakeup 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

5) Download and authentication of program (see Section 10.5.3). 

6) Store reusable cryptographic results in Power-Safe Storage (PSS). 

7) Execution of program from DRAM. 

8) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

9) Download and authenticate any further datasets (programs). 

10) The initial dataset may be broadcast to all the ISISIaves. 

1 1) ISIMaster master SoPEC then waits for a short time to allow the authentication to take place on the 
ISISlave SoPECs. 

12) Each ISISlave SoPEC is polled for the result of its program code authentication process. 

13) If all ISISIaves report successful authentication the OEM code module can be distributed and 
authenticated. OEM could will most likely reside on one SoPEC. 

10.3.2 USB wakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. Normally the CPU sub-system and the DRAM will be put in sleep mode but the SCB and power-safe 
storage (PSS) will still be enabled 
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Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled For an ISIMaster SoPEC, wakeup can be initiated following a USB reset from the SCB. 

A typical USB wakeup sequence is: 

1 ) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the -ISIMaster. 

5) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

6) Execution of program from DRAM. 

. 7) Retrieve operating parameters from pRINTER_QA and authenticate opmting parameters. 

8) Download and authenticate any further datasets (programs) using results in Power-Safe Storage 
(PSS) (see Section 10.5.3). 

9) Following steps as per Powerup. 

10.3.3 Print inrtiarization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips which may be present on a ISISlave SoPEC. 

2) Download static data e.g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. Instruct ISIS laves to also perform this operation. 

4) Initiate printhead pre-hcat sequence, if required. Instruct ISISiaves to also perform this operation 

10.3.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host. 

1) The Host communicates to the SoPEC CPU over the USB to check that DRAM space remaining is 
sufficient to download the first band. 

2) The Host downloads the first band (with the page header) to DRAM. 

3) When the complete page header has been downloaded the SoPEC CPU processes the page header^ 
calculates PEP register conunands and write directly to PEP registers or to DRAM, 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Poll ISISiaves for DRAM status and download compressed data to ISISiaves. 

Remaining first page bands download and processing: 

1 ) Check DRAM space remaining is su£ficient to download the next band. 

2) Download the next band with the band header to DRAM. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

Poll ISISiaves for DRAM status and download compressed data to ISISiaves. 

10.3.5 Start printing 

1) Wait until at least one band of the first page has been downloaded. 

2) Start all the PEP Units by writing to their Go registers, via PCU commands executed from DRAM 
or direct CPU writes, in the suggested order defined in Table 12. 

3) Print ready interrupt occurs (firom PHI). Poll ISISiaves until print ready inteirupt. 
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4) Start motor control (which may be on an ISISlaves SoPEC), if first page, otherwise feed the next 
page. This step could occur before the print ready interrupt. 

5) Drive LEDS, monitor paper status (which may be on an ISISlaves SoPEQ, 

6) Wait for page alignment via page sensor(s) GPIO interrupt (which may be on an ISISlaves SoPEC). 

7) CPU instructs PHI to start producing master line syncs, or wait for an external device to produce 
line syncs. 

8) Continue to download bands and process page and band headers for next page. 

1 0.3.6 Next page(s) download 

As for first page download, performed during printing of current page. 

10.3«7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD and TE need to be re- 
progranmied. This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed. These registers can also be reprogranuned directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU, teU die CPU that the area of 
memory associated with the band is now fi-ee. 



10.3.8 During page print 

Typically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better perfonned while the 
page is being printed rather than at the end of the page. 

10.3.9 Page finish 

These operations are typically perfonned when the page is finished: 

1) Page finished interrupt occurs firom PHL Poll ISISlaves for page finished interrupts. 

2) Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 13. This 
will set the PEP Unit state-machines to their starti^ states. 

3) Communicate ink usage to QA chips, if required. 



10.3.10 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 



10.3.1 1 End of document 

1) Stop motor control. This may be on an ISISlave SoPEC. 



10.3.12 Powerdown 

In this mode SoPEC is no longer powered, 

1) Instruct Host PC via USB that SoPEC system is about to power down. 

2) Instruct ISISlave SoPECs to powerdown. 

3) Powerdown ISIMaster SoPEC. 
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i3 



10.3.13 Sleep 



The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. 

1) Instruct Host PC via USB which parts of SoPEC system are about to sleep. 

2) Put defined SoPECs into defined sleep modes. 
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10.4 Normal operation in a Multf-SoPEC System - ISISlave SoPEC 

This section the outline typical operation of an ISISlave SoPEC in a multi-SoPEC system- The ISIMaster 
can be another SoPEC or an ISI-Bridge chip. The ISISlave communicates with the Host via the ISIMaster. 
BufTer management in a SoPEC system is normally performed by the Host. 

10.4.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 

A typical poweiup sequence is: 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation. 

4) Download and authentication of program (see Section 10.5.3). 

5) Store reusable cryptographic results in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

8) SoPEC identification by sampling CPIO pins to determine ISIId. Communicate ISlId to ISIMaster. 

9) Download and authenticate any further ^o/a^etf. 

10.4.2 ISlwakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. Normally the CPU sub-system and the DRAM will be put in sleep mode but the SCB and power-safe 
storage (PSS) will still be enabled. 

Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled In an ISISlave SoPEC» wakeup can be initiated following an ISI reset from the SCB. 

A typical ISI wakeup sequence is: 

1) Execute reset sequence for sections of SoPEC ui sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required, 

4) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

7) SoPEC identification by sampling GPIO pins to determine ISlId. Communicate ISIId to ISIMaster. 

8) Download and authenticate any further datasets, 

10.4.3 Print Initiafizatfon 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips. 

2) Download static data e.g. dither matrices, dead noale tables from ISIMaster to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pre-heat sequence, if required. 
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10.4.4 First page download 

Buffer management in a SoPEC system is nonnally performed by the Host via the ISIMaster. 

1) Check DRAM space remaining is sufficient to download the first band 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMaster. 

3) When the complete page header has been downloaded, process the page header, calculate PEP reg- 
ister commands and write directly to PEP registers or to DRAM. 

4) If PEP register conmiands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Remaining first page bands download and processing: 

1) Check DRAM space remaining is sufficient to download the next band. 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMaster. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

10.4.5 Start printing 

1 ) Wait until at least one band of the first page has been downloaded. 

2) Start all the PEP Units by writing to their Go registers, via PCU conunands executed from DRAM 
or direct CPU writes, in the order defined in Table 1 2. 

3) Print ready intenupt occurs (from PHI). Communicate to ISIMaster via ISI link. 

4) Start motor control, if attached to tfus ISISIave, when requested by ISIMaster, if first page, other- 
wise feed n«tt page. This step could occur before the print ready interrupt 

5) Drive LEDS, monitor paper status, if on this ISISIave SoPEC, when requested by ISIMaster 

6) Wait for page alignment via page sensor(s) GPIO interrupt, if on this ISISIave SoPEC, and send to 
ISIMaster. 

7) Wait for line sync and commence printing. 

8) Continue to download bands and process page and band headers for next page. 

10.4.6 Next page(s) download 

As for first band download, performed during printing of current page. 

10.4.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LED. and TE need to be re- 
progranuned. This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed. These registers can also be reprogrammed directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU tell the CPU that the area of 
memory associated with the band is now firee. 

10.4.8 During page print 

Typically during page printing ink usage is commxmicated to the QA chips. 

1) Calculate ink printed (fix>m PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better perfomied while the 
page is being printed rather than at the end of the page. 
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10.4.9 Page finish 



These 
I) 
2) 



operations are typically perfonned when the page is finished: 

Page finished interrupt occurs from PHI. Communicate page finished interrupt to ISIMaster. 
Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 13. This 
will set the PEP Unit state-machines to their startup states. 
Communicate ink usage to QA chips, if required. 



3) 



1 0.4.1 0 Start of next page 



These operations arc typically perfonned before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 



1 0.4.1 1 End of document 

Stop motor control, if attached to this ISISlave, when requested by ISIMaster. 

1 0.4.1 2 Powerdown 

In this mode SoPEC is no longer powered 

1) Powerdown ISISlave SoPEC when instructed by ISIMaster. 

10.4.13 Sleep 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 



[16]. 



I) Put SoPEC into defined sleep modes. 
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10.5 Security Use Cases 

Please see the 'SoPEC Security Overview* [9] document for a more complete description of SoPEC secu- 
rity issues. The SoPEC boot operation is described in the ROM chapter of the SoPEC hardware design 
specification. Section 17.2. 

10.5.1 Communication with the OA chips 

Communication between SoPEC and the QA chips (i.e. INK_QA and PRINTER.QA) wiirtake place on 
at least a per power cycle and per page basis. Communication with the QA chips has three principal pur- 
poses: validating the presence of genuine QA chips (i.e the printer is using approved consumables), valida- 
tion of the amount of ink remaining in the cartridge and authenticating the operating parameters for the 
printer. After each page has been printed, SoPEC is expected to communicate the number of dots fired per 
ink plane to the QA chipset. SoPEC may also initiate decoy communications with the QA chips from time 
to time. 

Process: 

• When validating ink consumption SoPEC is expected to principally act as a conduit between the 
PRINTER_QA and INK-QA chips and to take certain actions (basically enable or disable printing and 
report status to Host PC) based on the result The communication channels are insecure but all traffic is 
signed to guarantee autiienticity. 

Known Weaknesses 

• All communication to the QA chips is over the LSS interfaces using a serial communication protocol. 
This is open to observation and so the communication protocol could be reverse engineered. In this 
case both the PRINTER.QA and INK^QA chips could be replaced by impostor devices (e.g. a single 
FPGA) that successfully emulated the communication protocol. As this would require physical modifi- 
cation of each printer this is considered to be an acceptably low risk. Any messages that are not signed 

. by one of the symmetric keys (such as the SoPEC_id_key) could be reverse engineered. The imposter 
device must also have access to the appropriate keys to crack the system. 

• If the secret keys in the QA chips arc exposed or cracked then the system, or parts of it, is compro- 
mised. 

Assumptions: 

CI] The QA chips are not involved in the authentication of downloaded SoPEC code 

1 2 ] The QA chip in the ink cartridge (INK^QA) does not directly affect the operation of the cartridge in 

any way i.e. it does not inhibit the flow of ink etc. 
[33 The INK«QA and PRINTEICQA chips arc identical in their virgin state. They only become a 

INK^QA or PRINTER^QA after their FlashROM has been programmed. 



10.5.2 Authentication of downloaded code in a single SoPEC system 
Process; 

1) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

2) The program is downloaded to the embedded DRAM. 

3) The CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred. 

5) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 

accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
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RSA. If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

6) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified 

7) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdov^n mode. 

8) If the hash values match then the CPU starts executing the downloaded program. 

9) If, as is very likely, the downloaded program wishes to download subsequent programs (such as 
OEM code) it is responsible for ensuring the authenticity of everything it downloads. The down- 
loaded program may contain public keys fliat are used to authenticate subsequent downloads, thus 
forming a hierarchy of authentication. The SoPEC ROM does not control these authentications - it 
is solely concerned with verifying that the first program downloaded has come from a trusted 
source. 

10) At some subsequent point OEM code starts executing. The SUverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 l)The OEM code is expected to perfonn some simple 'turn on the lights' tasks after which the Host 
PC is informed that the printer is ready to print and the Start Printing use case comes into play. 
Known Weaknesses: 

• If the Silverbrook private bootOkey is exposed or cracked then the system is seriously compromised. A 
ROM mask change would be required to leprogram the bootOkey. 

10.5.3 Authentication of downloaded code in a multi^SoPEC system 

10.5.3.1 iSiMaster SoPEC Process: 

1) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster 

2) The SCB is configured to broadcast the data received from the Host PC. 

3) The program is downloaded to the embedded DRAM and broadcasted to all ISISlave SoPECs over 
thelSI. 

4) The CPU calculates a SHA-1 hash digest of the downloaded program, 

5) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred. 

6) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
RSA. If a power-on reset did not occur then the expected SHA-l hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

7) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified 

8) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdown mode. 

9) If the hash values match then the CPU starts executing the downloaded program. 

10) It is likely that the downloaded program will poll each ISISlave SoPEC for the result of its authenti- 
cation process and to determine the number of slaves present. 

1 l)If any slave reports a failed authentication then the ISIMaster communicates this to the Host PC and 
puts itself into powerdown mode. 
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12) If ail ISISlaves report successful authentication then the downloaded program is responsible for the 
downloading, authentication and distribution of subsequent programs within the multi-SoPEC sys- 
tem. 

13) At some subsequent point OEM code starts executing. The Silverbrook si^ervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

14) The OEM code is expected to perform some simple ^tum on the lights' tasks after which the master 
SoPEC determines that all SoPECs are ready to print. The Host PC is informed that the printer is 
ready to print and the Start Printing use case comes into play. 

10.5.3.2 iSISiave SoPEC Process: 

1) When the CPU comes out of reset the SCB should still be in slave mode, and the SCB is already 
configured to receive data firom the ISIMaster. 

2) The program is downloaded to embedded DRAM. 

3) The CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to detemiine whether or not a power-on reset 
occurred. 

5) If a power-on reset occurred the signatoe of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkcy stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The enciyption algorithm is likely to be a public key algorithm such as 
RSA. If a power-on reset did not occur then the expected SHA-l hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

6) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified. 

7) If the hash values do not match, then the ISISiave device will await a new program again, eventu- 
ally timing out and powering down. 

8) If the hash values match then the CPU starts executing the downloaded program. 

9) It is likely that the downloaded program will conomunicate the result of its authentication process to 
the ISIMaster. The downloaded program is responsible for determining the SoPECs ISIId, receiving 
and authenticating any subsequent programs. 

10) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 1) The OEM code is expected to perform some simple *tum on the lights' tasks after which the master 
SoPEC is informed that this slave is ready to print The Start Printing use case then comes into play. 

Known Weaknesses 

• If the Silverbrook private bootOkey is exposed or cracked then the system is seriously compiomisedL 

• ISI is an open interface i.e. messages sent over the ISI are in the clear. The communication channels 
are insecure but all traffic is signed to guarantee authenticity. As all communication over the ISI is con- 
trolled by Supervisor code on both the ISIMaster and ISISiave then this also provides some protection 
against software attacks. 
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10.5.4 Authentication and upgrade of operating parameters for a printer 

The SoPEC IC wQl be used in a range of printers with different capabilities (e.g. A3/A4 printing, printing 
speed, resolution etc.). It is expected that some printers will also have a software upgrade capability which 
would allow a user to purchase a license that enables an upgrade in their printer*s c^abilities (such as 
print speed). To facilitate this it must be possible to securely store the operating parameters in the 
PRINTER^QA chip, to securely communicate these parameters to the SoPEC and to securely leprogram 
the parameters in the event of an upgrade. Note that each printing SoPEC (as opposed to a SoPEC that is 
only used for the storage of data) will have its own PRJNTER_QA chip (or at least access to a 
PR1NTER_QA that contains the SoPEC's SoPECJd^key). Therefore both ISIMaster and ISISIave 
SoPECs will need to authenticate operating parameters. 

Process: 

1) Program code is downloaded and authenticated as described in sections 10.5.2 and 10.S.3 above. 

2) The program code has a function to create the SoPEC_id_lcey from the unique SoPEC_jd that was 
programmed when the SoPEC was manufactured. 

3) The SoPEC retrieves the signed operating parameters from its PRINTERjQA chip. The 
PRINTER^QA chip uses the SoPECJd^key (which is stored as part of the pairing process exe- 
cuted during printhead assembly manufacture & test) to sign the operating parameters which are 
appended with a random number to tiiwart replay attacks. 

4) The SoPEC checks the signature of the operating parameters using its SoPEC_id_key. If this signa- 
ture authentication process is successful then the operating parameters are considered valid and the 
overall boot process continues. If not the error is reported to the Host PC. 

5) Operating parameters may also be set or upgraded using a second key, the PrintEngineLicenseJcey, 
which is stored on the PRINTER^QA and used to authenticate the change in operating parameters. 

Known Weaknesses: 

• It may be possible to retrieve the unique SoPEC_id by placing the SoPEC in test mode and scanning it 
out. It is certainly possible to obtain it by reverse engineering the device. Either way the SoPEC_id 
(and by extension the SoPEC Jd.kcy) so obtained is valid only for that specific SoPEC and so printers 
may only be compromised one at a time by parties with the appropriate specialised equipment. Fur- 
thermore even if the SoPEC_id is compromised, the other keys in Ae system, which protect the 
authentication of constunables and of program code, are unaffected. 
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10.6 Miscellaneous Use Cases 

There are many miscellaneous use cases such as the following examples. Software running on the SoPEC 
CPU or Host will decide on what actions to take in these scenarios. 

10.6.1 Disconnect / Re-connect of OA chips. 

1) Disconnect of a QA chip between documents or if ink runs out mid-document. 

2) Re-connect of a QA chip once authenticated e.g. ink cartridge replacement should allow the system 
to resume and print the next document 

10.6.2 Page arrives before print ready interrupt. 

1) Engage clutch to stop paper xmtil priait ready intemipt occurs. 

10.6.3 Dead-nozzle table upgrade 

This sequence is typically performed when dead nozzle infonnation needs to be updated by performing a 
piinthead dead nozzle test 

1) Run printhead nozzle test sequence 

2) Either Host or SoPEC CPU converts dead nozzle information into dead nozzle table. 

3) Store dead nozzle table on Host 

4) Write dead nozzle table to SoPEC DRAM. 
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J3 



10.7 Failure Mode Use Cases 

10.7.1 System errors and security violations 

System errors and security violations are reported to the SoPEC CPU and Host. Software running on the 
SoPEC CPU or Host will then decide what actions to take. 

Silverbrook code authentication failure. 

1) Notify Host PC of authentication failure. 

2) Abort print run. 

-OEM code authentication failure. 

1) Notify Host PC of authentication failure, 

2) Abort print run. 

Invalid QA chip(s). 

1) Report to Host PC. 

2) Abort print run. 

MMU security violation interrupt. * 

1) This is bandied by exception handler. 

2) Report to Host PC 

3) Abort print run. 

Invalid address interrtipt from PCU. 

1) This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Watchdog timer interrupt. 

1) This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Host PC does not adcnowledge message that SoPEC is about to power down, 
1) Power down anyway. 

10.7.2 Printing errors 

Printing errors are reported to the SoPEC CPU and Host Software running on the Host or SoPEC CPU 
>vill then decide what actions to take. 



Insufficient space available in SoPEC compressed band-store to download a band. 
1) Report to the Host PC. 

Insufficient ink to print. 
1) Report to Host PC. 

Page not downloaded in time while printing. 

1) Buffer undemm interrupt will occur. 

2) Report to Host PC and abort print run. 

JPEG decoder error inteirupt. 
1) Report to Host PC. 
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CPU Subsystem 
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11 Central Processing Unit (CPU) 

11,1 Overview 

The CPU block consists of the CPU core, MMU, cache and associated logic. The principal tasks for the 
program running on the CPU to fulfill in the system are: 

Communications: 

• Control the flow of data from the USB inter&ce to the DRAM and ISI 
i • Communication with the host via USB or ISI 

• Running the USB device driver 
PEP Subsystem Control: 

• Page and band header processing (may possibly be performed on host PC) 

• Configure printing options on a per band, per page, per job or per power cycle basis 

• Initiate page printing operation in the PEP subsystem 

• Retrieve dead nozzle information from the printhead interface (PHI) and forward to the host PC 

• Selea the appropriate firing pulse profile fi-om a set of predefined profiles based on the printhead 
characteristics 

• Retrieve printhead temperature via the PHI 
Security: 

• Authenticate downloaded program code and printer operating parameters 

• Authenticate consumables via flie PRINTER^QA and INK.QA chips 

• Monitor ink usage 

• Isolation of OEM code from direct access to the system resources 
Other: 

• Drive the printer motors using the GPIO pins 

• Monitoring the status of the printer (paper jam, tray empty etc.) 

• Driving fi-ont panel LEDs 

• Perform post-boot initialisation of the SoPEC device 

• Memory management Oikely to be in conjunction with the host PC) 

• Miscellaneous housekeeping tasks 

To control the Print Engine Pipeline the CPU is required to provide a level of performance at least equiva- 
lent to a 16-bit Hitachi H8-3664 microcontroller running at 16 MHz. An as yet undetermined amount of 
additional CPU performance is needed to perform the other tasks. The extra performance required is dom- 
inated by the signature verification task and the SCB (including the USB) management task. An operating 
system is not required at present. A number of CPU cores have been evaluated and the LEON PI 754 is 
considered to be the most appropriate solution. A diagram of the CPU block is shown in Figure 15 below. 
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Figure 15. CPU block diagram 
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I 11.2 Definitions OF l/Os 



I Table 14. CPU Subsystem i/Os 















Clocks and Resets 




prst_n 


1 


In 


Gtobai reset. Synchronous to pdk. active low. 




pclk 


1 


In 


Global clock 




CPU to DIU DRAM Interface 


1 


cpu_adr(21 :0] 


22 


Out 


Address bus for both ORAM arKl peripheral access 


1 


cpu.dataout[3 1 :0] 


32 


Out 


Data out to both DRAM and peripheral devices. This stiould be 
driven at the same time as the cpu^adrand request signals. 


1 


dranucpu.data[255:0] 


2S6 


In 


Read data from the DRAM 




cpu.diu_rreq 




Out 


Read request to the OIU DRAM 




diu_cpu_rack 




In 


Acknowledge from DIU that read request has been accepted. 


1 


dtu_cpu_rvarKJ 




In 


Signal from DIU teUing SoPEC Unit that vaJki read data is on the 
dmmjGpujdata bus 




cpu_diu_wreq 




Out 


Write request to the DIU 




dtu_cpu_wack 




In 


Acknowledge from the DIU that the write request has t>een 
accepted 




cpu_diu_wvaltd 


1 


Out 


Signai from the CPU to the DIU indicating that the data cunrently on 

the q^u^dataout bus is valid 


1 


cpu_diu_wmask{1 :0] 


2 

* 


Out 


Rag Indicating format of CPU write to DRAM 
cpu^dfu^wmask^ 00: 8-bIt write 
cpu^dhumnaskss 01 : 16-bit write 
cptjudiu_wmasks 10: 32-bit write 
cpuj(ifu^wmask= 1 1 : resen/ed 

cpu_adft2:0) are driven In aooordance with the width of the data 
access rndk»ted by cpu_€riu^wmask. Addresses cannot cross a 
256-bit word DRAM boundary. 




CPU to peripheral blocks 




cpu.iwn 


1 


Out 


Common read/not-^rite signal from the CPU 


1 
1 


cpu_acode(1:0] 


2 


Out 


CPU access code signals. 

cpu.aoode(0] • Program (0) / Data (1) access 

cpu.acodefl] - User (0) / Supervisor <1) access 




cpu_cpr_sel 


1 


Out 


CPR btock select 




cpr_cpu_rdy 


1 


In 


Ready signal to the CPU. When cpr_cpu^rcty 'is high It indk^ates the 
last cyde of the access. For a write cyde this means qju_,dataout 
has been registered by the CPR block and for a read cyde this 
means the data on qjr^cpu^data is vaUd. 




cpr_cpu_b€rr 


1 


In 


CPR bus error signal to the CPU. 




cpr.cpu_datai3l :0J 


32 


In 


Read data txjs from the CPR bfock 




cpu^pto.ael 


1 


Out 


QPIO btock select 




gpio_cpu_rdy 


1 


In 


GPIO ready signal to the CPU. 




Qpio_cpu_berr 


1 


In 


GPfO bus error signal to the CPU. 




gpio_cpu_€iata[31 :0] 


32 


In 


Read data bus from the GPIO block 




cpujcu_sel 


1 


Out 


ICU block select. 




fcu_cpu_rdy 


1 


In 


ICU ready signal to the CPU, 




icu_cpu_berT 


1 


Jn 


ICU txj3 error signal to the CPU. 




icu jcpu_data(3 1 :0] 


32 


In 


Read data bus from the ICU block 
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Table 14. CPU Subsystem l/Os 







^1 




cpu_(ss_sel 




Out 


LSS tAock select. 


lss^cpu_rdy 




In 


LSS ready signal to the CPU. 


Iss_cpu_berr 




In 


LSS bus enor signal to the CPU. 


l5S_cpu_<lata(31 :0} 


32 


rn 


Read data bus from the LSS block 


cpu_pcu_sel 




Out 


PCU block select 


pcu_cpu_rdy 




In 


PCU ready signal to the CPU. 


pcu_cpu_berr 




In 


PCU bus error signal to the CPU. 


pcu_cpu_data{31 :0] 


32 


In 


Read data bus from the PCU block 


cpu.scb_8el 




Out 


SCBbk)ck select 


sct)_cpu_rdy 




In 


see ready signal to the CPU. 


scb_cpu_berr 




In 


SC8 bus error signal to the CPU. 


scb_cpii_data(31 .*0] 


32 


In 


Read data bus from the SC8 block 


cpu.tim__sel 




Out 


Timers block select. 


tiin_cpu_rdy 


1 


In 


Timers block ready signal to the CPU. 


tim_cpu_berr 




In 


Timers bus error signal to the CPU. 


tim.cpu_data{31 :0] 


32 


In 


Read data bus from the Timers block 


cpu_fom.sel 




Out 


ROM block select 


rom_cpu_rdy 




In 


ROM bk>ck ready signal to the CPU. 


rom_cpu_berT 




In 


ROM bus error signal to the CPU. 


roni_cpu.data{31 :0J 


32 


in 


R^ad data bus from the ROM block 






Out 


PSS bkx:k select 


pss_cpu_fdy 




tn 


PSS block ready signal to the CPU. 


pss_cpu_berr 




In 


PSS bus error signal to the CPU. 


pss_cpu.data(31 :0] 




In 


Read data bus from the PSS block 


cpu_diu_8eJ 




Out 


OIU register bkx:k select. 


diu_cpii_fdy 




In 


DIU register block ready signal to the CPU. 


diu_cpu_befr 




In 


DIU bus error signal to the CPU. 


c«u_cpu.data|31.0] 


32 


In 


Read data bus from the DIU block 


tntemipt signals 


icu_cpujl6vel(3:0) 


3 


In 


An Inten'upt is asserted by driving the appropriate priority level on 
icu^cpu_aeveL These signals must remain asserted untfl the CPU 
executes an Interrupt acknowledge cycle. 


cpu_icuJleveJ[3:0] 


3 


Out 


Indicates the level of the Interrupt the CPU Is acknowledging when 

cpu_iackiBh\Q^ 


cpujack 


1 


Out 


Interrupt acknowledge signal. The exact timing depends on the 
CPU core implementation 


Debug signals 


dlu.cpu_debug_valid 


1 


In 


Signal indicating the data on the dtu^cpu^data bus is valid debug 
data. " 


tim_cpu_debug_valid 


1 


In 


Signal indicating the data on the tim_cpu data bus is valid debug 
data. 


scb_cpu_debug_vaf!d 


1 


In 


Signal indtoaiing the data on the scb cpu data bus is vaBd debug 
data. 
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Table 14. CPU Subsystem l/Os 





1^ 






pcu_cpu.debug_valid 


1 


In 


Rinnal indicating thA tiatA fsn thn n/v/ /-rtn riata hiic )e vaIIH riaV^*^ 

data. 


Icq ^Oft Hah* ■#! \taltM 


1 


m 


Signal indicating the data on the iss__cpu^ciata bus is vafid debug 
data. 


•cu_cpu_debuo_valld 


1 


In 


Signal indicating the data on the icu_jqpujdata. bus is valid debug 
data. 


Opto_cpu_debuo.valid 


1 


In 


Signal indicating the data on the gpio_cpu_fSata bus is valid debug 
data. 


cpr.cpujdebuo.valid 


1 


In 


Signal Indicating the data on the cpr^cpu_data bus Is vaJId debug 
data. 


debug_data_oul 


18 


Out 


Output debug data to be muxed on to the PHI pins 


debug_datajvalid 


1 


Out 


Debug valid signal indicating the validity of the data on 
debuajSata_out, This signal is used in al! debug configurations 


debugjcntrl 


20 


Out 


Control signal for each PHI bound debug data line indicating 
whether or not the debug data should be selected by the pin mux 



11.3 Realtime requirements 

The SoPEC realtime requirements have yet to be fijlly deteraiined but they may be split into three catego- 
ries: hard, firm and soft 

11.3.1 Hard realtime requirements 

Hard requirements are tasks that must be completed before a certain deadline or failure to do so will result 
in an error perceptible to tiie user (printing stops or functions incorrectly). There are toee hard realtime 
tasks: 

• Motor control: The motors which feed the paper through the printer at a constant speed during 
printing are driven directly by the SoPEC device. Four periodic signals with different phase rela- 
tionships need to be generated to ensure the paper travels smoothly through the printer. The genera- 
tion of these signals is handled by the GPIO hardware (see section .13.2 for more details) but the 
CPU is responsible for enabling these signals (Le. to start or stop the motors) and coordinating the 
movement of the paper with the printing operation of the printhead. 

• Buffer management: Data enters the SoPEC via the SCB at an uneven rate and is consumed by the 
PEP subsystem at a different rate. The CPU is responsible for managing the DRAM buffers to 
ensure that neither overrun nor underrun occur This buffer management is likely to be performed 
under the direction of the host. 

• Band processing: In certain cases PEP registers may need to be updated between bands. As the tim- 
ing requirements are most likely too stringent to be met by direct CPU writes to the PCU a more 
likely scenario is that a set of shadow registers will programmed in the compressed page units 
before the current band is finished, copied to band related registers by the finished band signals and 
the processing of the next band will continue immediately. An alternative solution is that the CPU 
will construct a DRAM based set of commands (see section 21 .8,5 for more details) that can be exe- 
cuted by the PCU. The task for the CPU here is to parse the band headers stored in DRAM and gen- 
erate a DRAM based set of commands for the next number of bands. The location of Ae DRAM 

. based set of conrunands must then be written to the PCU before the current band has been processed 
by Ae PEP subsystem. It is also conceivable (but currently considered unlikely) that the host PC 
could create the DRAM based commands. In this case the CPU will only be required to point the 
PCU to the correct location in DRAM to execute commands fi-om. 
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11.3.2 Firm requirements 

Firm requirements are tasks that should be completed by a certain time or failure to do so will result in a 
degradarion of performance but not an error. The majority of the CPU tasks for SoPEC fall into this cale- 
goiy including all interactions with the QA chips, program authentication/page feeding, configuring PEP 
registers for a page or job, determining the firing pulse profile, communication of printer status to the host 
over the USB and die monitoring of ink usage. The authentication of downloaded programs and messages 
will be the most compute intensive operation the CPU will be required to perform. Initial investigations 
indicate that the LEON processor, tunning at 160 MHz, will easily perform three authentications in under 
a second. 



Tabids. Expected firm requirements 







Rower^n to start of printing first page [USB and slave SoPEC enumeration. 3 or more 
RSA signature verifications, code and compressed page data download and chip initiali- 
sation] 


- 8 sees ?? 


Wal<e-up from sleep mode to start printing p or more SHA-1 operations, code and com- 
pressed page data download and chip re-initiarisation 


-2 sees 


Authenticate inic usage in ttie printer 


- 0.5 sees 


Determining firing pufse profile 


- 0.1 sees 


Page feeding, gap between pages 


OEM dependent 


Communication of printer status to liost PC 


- 10 ms 


Configuring PEP registers 


7? 



1 1 .3.3 Soft requirements 

Soft requirements are tasks that need to be done but there are only light time constraints on when th^ need 
to be done. These tasks arc perfonmcd by the CPU when tfierc are no pending higher priority tasks. As the 
SoPEC CPU is expected to be Ughdy loaded these tasks will mostly be executed soon after they are sched- 
uled. 



11.4 Bus Protocols 

As can be seen from Figure 15 above there are different buses in the CPU block and different protocols are 
used for each bus. There are three buses in operation: 

11.4.1 CPU core to cache/MMU bus 

This is the native bus of the CPU core. See section 1 1.6.6. 1 for more details. Timing and full signal details 
should be provided in the documentation accompanying this core. 

11.4.2 Cache/MMU to DIU bus 

This bus conforms to the DIU bus protocol described in Section 20.13.2. Note that the address and data 
buses are shared with the peripheral bus. The effective bus width differs between a read (256 bits) and a 
write (32/16/8 bits) and only the bottom 32 bits of the bus are shared with the peripheral bus. As certain 
CPU instructions may require byte write access this will need to be suppozted in the DIU. See section 
11.6.6.2 for more details. . 
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11.4.3 CPU Subsystem Bus 

For access to the on-chip peripherals a simple bus protocol is used. The MMU must first determine which 
particular block is being addressed (and that the access is a valid one) so that the appropriate block select 
signal can be generated. During a write access CPU write data is driven out with the address and block 
select signals in the first cycle of an access. The addressed slave peripheral responds by asserting its ready 
signal indicating that it has registered the write data and the access can complete. The write data bus is 
common to all peripherals and is also used for CPU writes to the embedded DRAM. A read access is initi- 
ated by driving the address and select signals during the first cycle of an access. The addressed slave 
responds by placing the read data on its bus and asserting its ready signal to indicate to the CPU that the 
read data is valid. Each block has a separate point-to-point data bus for read accesses to avoid the need for 
atri-stateablebus. 

All peripheral accesses are 32-bit. Support for byte or 16-bit accesses may be added if required by an 
imported IP block such as the USB controller. The use of the ready signal allows the accesses to be of vari- 
able lengfli. In most cases accesses will complete in two cycles but three or four (or more) cycles accesses 
are likely for PEP blocks or IP blocks with a different native bus interface. All PEP blocks are accessed via 
the PCU which acts as a bridge. The PCU bus uses a similar protocol to the CPU subsystem bus but with 
the PCU as the bus master. 

The duration of accesses to the PEP blocks is influenced by whether or not the PCU is executing com- 
mands from DRAM. As these commands are essentially register writes the CPU access will need to wait 
until the PCU bus becomes available when a register access has been completed. This could lead to the 
CPU being stalled for up to 4 cycles if it attempts to access PEP blocks while the PCU is executing a com- 
mand. The size and probability of this penalty is sufficiently small to have any significant impact on per- 
formance. 

In order to support user mode (i.e. OEM code) access to certain peripherals the CPU subsystem bus prop- 
agates the CPU function code signals {cpu^acodefl :0]y These signals indicate the type of address space 
(i.e. User/Supervisor and Program/Data) being accessed by tiie CPU for each access. Each peripheral must 
determine whether or not the CPU is in the correct mode to be granted access to its registers and in some 
cases (e.g. Timers and GPIO blocks) different access permissions can apply to different registers within 
the block. If the CPU is not in the correct mode then the violation is flagged by asserting the block's bus 
error signal (block^cpujberr) with the same timing as its ready signal (plock_cpu _rtfy) which remains 
deasserted. When this occurs invalid read accesses should return 0 and write accesses should have no 
effect 

Figure 16 shows two examples of the peripheral bus protocol in action. A write to the LSS block from 
code running in supervisor mode is successfully completed. This is immediately followed by a read from a 
PEP block via the PCU from code ruxming in user mode. As this type of access is not pennitted the access 
is terminated with a bus error. The bus error exception processing then starts directly af^er this - no further 
accesses to the peripheral should be required as the exception handler should be located in the DRAM. 

Each peripheral acts as a slave on the CPU subsystem bus and its behavior is described by the state 
machine in section 1 1.4.3.1 
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pclk 




cpu.adr{21:0] [s^^ LSS address | PEP address |^^^^ Supervisor staci| 

cpu.rwn I I 

cpu_acode(1:0] Supvr Data | User Data |^^^^ Supvr Data~ 



cpujss.sel 



lss_cpu_rdy 



lss_cpu_berr 



cpu_dataouU31:0] LSSdata ^^^^^^^^^^^N^NSS^^^^ 



cpu_pcu_sel 



pcu.cpu.berr 
pcu_cpu_rdy 



pcu_cpu.data[31:0] ^^^s^^s^^^s^^.^s^^^ OxOOOO^OOOo" 

Figure 16. CPU bus transactions 

f 14.3. f CPU subsystem bus siave state machine 

CPU subsystem bus slave operation is described by the state machine in Figure 17. This state machine 
will be implemented in each CPU subsystem bus slave. The only new signals mentioned here are the 
valid^access and regjavailable signals. The valid_access is deteimined by comparing the cpujacode 
value with the block or register (in the case of a block that allow user access on a per register basis such as 
the GPIO block) access permissions and asserting valid jaccess if the permissions agree with the CPU 
mode. The reg_available signal is only required in the PCU or in blocks that are not enable of two-cycle 
access (e.g. blocks containing imported IP with different bus protocols). In these blocks the reg_available 
signal is an internal signal used to insert wait states (by delaying the assertion of block jcpujrdy) until the 
CPU bus slave interface can gain access to the register. 

When reading from a register that is less than 32 bits wide the CPU susystems bus slave should return 
zeroes on the unused upper bits of the blockjcpu_jiata bus. 

To support debug mode the contents of the register selected for debug observation, debugjreg^ are always 
output on the block^cpu_data bus whenever a. read access is not taking place. See section 1 1.8 for more 
details of debug operation. 
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i3 



block^cpu^rdy = 0 
btoducpu.berr « 0 
btocf^qpu.data = <Jebiifl_reg_data 
block_cpu.debug.vaHd = i 

CPU block set—j} 
bkx^cpu.data « reg^data v 
b(ock.cpu_debug_valid B 1 X 



CPU bkx!k ftfti 1 
AND cpu fwn 1 
AND valid access = 
AND roQ avaHabla = 
btock^cpu^rrfy « 1 
bk)cK_cpii_be rr « 0 
btock_cpu_data « reg_data 
bkxK.cpu_debuo_valid ' 



block, cpu. 




b(ocK_cpu_i 
^ :pu_debug_val 
btock_cpu_d8{a » debug^reo-data 



Read Access 
Complete 



CPU btock sel 1 
AND CPU fwn««Q 

ANP valid ar— 



ArsJD reQ~flvaltefate«^\ 
peg_datB a cpu.dataout 



Write AccessN 



CPU btock set«.l 
AND CPU fwn «^ Q 
AND valid access =«( 



ocK_cpu^dy =« 1 
block.cpu_data s reg.data 



bkK:k_cpu.rdy » 1 



InvaUd WriteN. 

Access J bloeK_cpu_berr » O 



regLdata a cpu_dataout 



Figure 17. State machine for a CPU subsystem slave 



11.5 LEON CPU 



The LEON processor is an open-source implementation of the IEEE-1754 standard (SPARC V8) instruc- 
tion set. LEON is available from and actively siqiported by Gaisler Research (www.gaisler.com}. 

The following features of the LEON-2 processor wiU be utilised on SoPEC: 



• IEEE- 1 754 (SPARC V8) compatible integer unit with 5-stage pipeline 

• Separate instruction and data cache (Harvard architecure) 

• Set-associative caches: 1-4 sets, 1-64 kbyte/set Random, LRR or LRU replacement Diiect 
mapped cacches are also available and are the more likely option for SoPEC. 

• Full implementation of AMB A-2.0 AHB on-chip bus 

• Power-down mode 

The standard release of LEON incoiporates a number of peripherals and support blocks which will not be 
included on SoPEC. The LEON core as used on SoPEC will consist of: 1) the LEON integer unit, 2) pos- 
sibly the instruction and data caches (cuircntly under review), 3) the cache control logic (to be signifi- 
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cantly reduced by optimisation if the caches are not used). 4) the AHB interface and 5) possibly the AHB 
controller (although this functionality may be implemented in the LEON Bridge), 

The version of the LEON database that the SoPEC LEON components will be sourccd fix)m is LEON2- 
1.0.8 although later versions may be used if they offer worthwhile functionality or bug fixes that affect the 
SoPEC design. Note that if the LEON caches are not used then we may revert to vl.0.7 of the database as 
the cache control logic is likely to be simpler and easier to optimise away (v 1.0.8 introduced support for 

set-associative caching) 

The LEON core will be clocked using the system clock. pclk, and reset using the prst_n_section[l ] signal. 
The ICU will assert all the hardware interrupts using the protocol described in section 1 1.9. The particular 
types of SRAMs (for LEON caches) and register files used will be determined during the implementation 
phase. The LEON hardware multipliers are notexpected to be required. Furthermore it is anticipated that 
SoPEC will use the recommended 8 register window configuration 

Further details of the SPARC V8 instruction set and the LEON processor can be found in (32] and [331 
respectively. 

1 1 .6 Memory Management Unit (MMU) 

Memory Management Units are typically used to protect certain regions of memory from invalid accesses, 
to perform address translation for a virtual memory system and to maintain memoiy page status (swapped- 
in, swapped-out or unmapped) 

The SoPEC MMU is a much simpler affair whose function is to ensure that all regions of the SoPEC mem- 
ory map are adequately protected. The MMU does not support virtual memory and physical addresses are 
used at all times - the one exception to this is the address translation of the reset vector. The SoPEC MMU 
supports a fiill 32-bit address space. A proposed memory map is shown in Figure 18 below. 

The MMU selects the relevant bus protocol and generate the appropriate control signals depending on the 
area of memory being accessed The MMU is responsible for performing the address decode and genera- 
tion of the appropriate block select signal as well as the selection of the coiiect block read bus during a 
read access. The MMU will need to support all of the bus transactions the CPU can produce including 
interrupt acknowledge cycles, aborted transactions etc. 

When an MMU error occurs (such as an attempt to access a- supervisor mode only region when in user 
mode) a bus error is generated While the LEON can recognise different types of bus error (e.g. data store 
error, instruction access error) it appears to handle them in the same manner as it handles all traps i.e it will 
transfer control to a trap handler. No extra state information appears to be stored because of the nature of 
the trap.The location of the trap handler is contained in the TBR (Trap Base Register). This is the same 
mechanism as is used to handle interrupts. Further investigation is needed to determine exactly how LEON 
behaves when a bus error type trsqj occurs to detennine the best approach to handling bus errors. It may be 
simplest to just treat them as the highest priority interrupt 
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J3 



Accesses in this 
area are not 
allowed and 
result in a bus 
error exception. 



\ in this 
area are via the 
CPU bus and are 
controlled by 
permissions set in ^ 
each peripheral. 



Accesses in this 
area are via the 
DIU bus and are 
controlled by 
permissions set in) 
the MMU. 




OxFFFF_FFFF 



PCU Mapped Registers 



Peripheral Registers 



ROM 



ORAM 



QX002A.C000 
Qx002A_0000 
0x0029^0000 
0x0028.0000 




DRAM 
Regions 



0x0000^0000 



Figure 18. Proposed SoPEC CPU memory map (not to scale) 

1 1.6.1 CPU-bus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 16 below. The MMU 
performs the decode of the high order bits to generate the relevant cpuJblock_select signal. Apart from the 
PCU, which decodes the address space for the PEP bloclcs, each block only needs to decode as many bits 
ofcpu_adr[ll:2] as required to address all the registers within the block. 

Table 16. CPU-bus peripherals address trap 







MMUJbase 


0x0029^0000 


TIM_base 


0x0029.1000 


LSS_base 


0x0029 J2000 


GPIO_tjase 


0x0029^3000 


SCB.base 


0x0029^4000 


ICU.base 


0x0029.5000 


CPR_bas€ 


0x0029_6000 


ROM^base 


0x0029.7000 


DlU^base 


0x0029.6000 


PSS_base 


0x0029.9000 
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Table 16. CPU-bus peripherals address map 









Reserved 


0x0029 J^OOO to OxO029^FFFF 


PCU^base 


0x002A_0000 



11.6^ DRAM Region Mapping 

The embedded DRAM is broken into 8 regions, with each region defined by a lower and upper bound 
address and with its own access pennissions. 

The association of an area in the DRAM address space with a MMU region is completely under software 
control. Table 17 below gives one possible region mapping. Regions should be defined according to their 
access requirements and position in memory. Regions that share the same access requirements and that are 
contiguous in memoiy may be combined into a single region. The example below is purely for indicative 
purposes - real mappings axe likely to differ significantly from this. Note that the RegionBottom and Regi- 
onTop fields in this example are byte aligned and would need to be right-shifted by 5 places to obtain the 
256-bit aligned value used to program the RegionNTop and RegionNBottom registers, or more details, see 
11.6.5.1 and 11.6.5.2. 



Table 17. Example region mapping 











0 


OxOOOOjOOOO 


OxOOOOjOFFF 


Silverbrook OS (supervrsor) data 


1 


0x0000.1000 


OxOOOO.BFFF 


Silvert}iook OS (supervisor) code 


2 


OxOOOO^COOO 


OX00OO.C3FF 


Sihrarbrook (supervisor/user) data 


3 


0x0000.0400 


OxOOOO.CFFF 


Silvertyrook (supervisorAiser) code 


4 


0x0026.0000 


0x0026.O3FF 


OEM (user) data 


5 


0x0026_D400 


0X0028.OFFF 


OEM (user) code 


6 


0X0027.E000 


0x0027.FFFF 


Shared Sitverbrook/OEM space 


7 


OxOOOOjDOOO 


0»0026_CFFF 


Compressed page store (supervisor data) 



11.6.3 Non-DRAM regions 

As shown in Figure 18 the DRAM occi:q>ies only 2.5 MBytes of the total 4 GB SoPEC address space. The 
non-DRAM regions of SoPEC are handled by the MMU as follows: 

ROM (0x0028.0000 to 0x0028_FFFF): The ROM block will control the access types aUowed. The 
cpu_acode[l:0] signals will indicate the CPU mode and access type and the ROM block will assert 
rom^cpujberr if an attempted access is foibidden. The protocol is described in more detail in section 
1 1.4.3. The ROM block access pennissions are hard wired to allow all read accesses except to the Fuse- 
ChipID registers which may only be read in supervisor mode. 

MMU Internal Registers (0x0029^0000 to Ox0029_OFFF): The MMU is responsible for controlling the 
accesses to its own internal registers and will only allow data reads and writes (no instruction fetches) 
from supervisor data space. All other accesses will result in the mmu^cpujberr signal being asserted in 
accordance with the CPU native bus protocol. 

CPU Subsystem Peripheral Registers (0x0029_1000 to 0x0029_FFFF): Each peripheral block will 
control the access types allowed. Every peripheral will allow supervisor data accesses (both read and 
write) and some blocks (e.g. Timers and GPIO) will also allow user data space accesses as outlined in the 
relevant chapters of this specification. Neither supervisor nor user instruction fetch accesses are allowed to 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



2S Nov 2002 
Page 75 



SoPEC : Hardware Design 



any block as it is not possible to execute code from peripheral registers. The bus protocol is described in 
section 11.4.3. 

PCU Mapped Registers (0x0O2A.000O to OxO02A,BFFF): All of the PEP blocks registers which are 
accessed by the CPU via the PCU will inherit the access permissions of the PCU. These access permis- 
sions are hard wired to allow supervisor data accesses only and the protocol used is the same as for the 
CPU peripherals. 

Unused address space (OxOOlA^COOO to OxFFFF^FFFF): Al! accesses to the unused portion of the 
address space wUl result in the mmu^cpujberr signal being asserted in accordance with the CPU native 
bus protocol. These accesses will not propagate outside of the MMU i.e. no external access will be initi- 
ated. 

1 1 .6.4 Reset exception vector and reference zero traps 

When a reset occurs the LEON processor starts executing code from address 0x0000.0000, On SoPEC the 
embedded DRAM occupies this area of the address map. As the DRAM contents are undefined when the 
processor comes out of reset (this is certainly die case with a power-on and most other resets that can occur 
on SoPEC) the MMU will need to redirect accesses fh>m 0x0000.0000 through OxOOOO_00?? (the mini- 
mum amount of redirection is currently TBD but is likely to be at least 16 bytes) to the bottom of the ROM 
i.e. to 0x0028.0000 through 0x0028_00??. 

A common software bug is zero-referencing or null pointer de-referencing (where the program attempts to 
access the contents of address OxOOOO.OOOO). To assist software debug the MMU will assert a bus error 
every time the reset locations are accessed after the reset trap handler has legitimately been retrieved 
immediately after reset. If desired this condition could be result in a unique tr^ (e.g. a watchpoint 
detected trap) 

1 1.6.5 MMU Configuration Registers 

These are the only configuration registers in the CPU block. Note that all the MMU configuration registers 
may only be accessed when the CPU is running in supervisor mode. 



Table 18. MMU ConHguratlon Registers 







Wi 






mm^mm 


0x00 


RegionOBottom 


17 


0x0.0000 


This regrster contains the physTcal address that 
marks the bottom of region 0 


0x04 


RegfonOTop 


17 


OxF^FFFF 


This register contains the physical address that 
marlcs the top of region 0. Region 0 covers the 
entire address space after reset whereas all 
other regions are zero-sized initially. 


0x08 


Regfoni Bottom 


17 


0x0.0000 


This register contains the physical address ttiat 
marks the bottom of region 1 


OxOC 


Region 1 Top 


17 


0x0^0000 


This register contains the physical address that 
marks the top of region 1 


0x10 


ReglonZBottom 


17 


0x0.0000 


This register contains the physical address that 
marks the txjttom of region 2 


0x14 


Regfon3Top 


17 


0x0.0000 


This register contains the phystcaf address that 
marks the top of region 2 


0x18 


ReglonSBottom 


17 


0x0.0000 


This register contains the physical address that 
marks the bottom of region 3 


0x1 C 


Regton3Top 


17 


0x0_0000 


This register contains the physical address that 
marks the top of regton 3 
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Table 18. MMU Configuration Registers 













0x20 


R6gion4Bottom 


17 


OxOJXXX) 


This register cont£uns the physical Address that 
marks the bottom of region 4 


0x24 


Region4Top 


17 


OxOJJOOO 


This register contains the physical address that 
marks the top of region 4 


0x28 


RegtonSBottom 


17 


OxO_0000 


This register contains the physical address that 
marks the t)OttDm of region 5 




RegionSTop 


17 


0x0.0000 


This register contains the physical address that 
rneirKB uib sop oi reuion p 


0x30 


Region6Bottom 


17 


0x0.0000 


1 nia regisier oomains xne pnysicaj aoaress mat 
marks (he bottom of regton 6 


0x34 


Region6Top 


17 


OxOJKXX) 


This register contains the physical address that 
marks the top of region 6 


0x38 


RegionTBottom 


17 


0x0.0000 


This register oontsdns the physical address that 
marks the bottom of region 7 


Ox3C 


RegionTTop 


17 


0x0_0000 


This register contains the physical address that 
marks the top of region 7 


0x40 


RegionOOontro) 


6 


0x07 


Control register tor region 0 


0x44 


Region 1 Con troi 


6 


0x07 


Control register for region 1 


0x48 


Region2Contro] 


6 


0x07 


Control register for region 2 


0x4C 


RegionSControl 


6 


0x07 


Control register lor region 3 


0x50 


RegIon4Control 


6 


0x07 


Control register for region 4 


0x54 


RegtonSControi 


6 


0x07 


Control register for region 5 


0x58 


RegioneControi 


6 


0x07 


Control register for region 6 


OxSC 


ReglonTControl 


6 


0x07 


Control register for regfon 7 


0x60 


BusHmeout 


16 


OxOOFF 


This register should t>e set to the number of pctk 
cycles to wait t>efore aborting an access with a 
bus error. 


0x64 


DebugSelect 


7 


0x00 


Contains address of the register selected for 
detxig observatton. It is expected that a numt>er 
of pseudo-registers will be made available for 
debug obsenmtion and these will l>e outfined 
during the Implementation phase. 



11.6.5.1 RegionTop and RegionBottom registers 

The 20 Mbit of embedded DRAM on SoPEC is arranged as 81920 words of 256 bits each. All region 
boundaries need to align with a 256-bit word. Thus only 17 bits are required for the RegionNTop and 
RegionNBottom registers. The byte address of these locations can be obtained by simply left-shifling the 
register value by 5 bits i.e. cpujxdr[21:0] = RegionNTop/Bottom[16:0] « 5. 

Both the RegionNTop and RegionNBottom registers are inclusive i.e. the addresses in the registers are 
included in the region. The size of smallest active region is therefore 2 256-bit words i.e. 64 bytes. 

If DRAM regions overlap (there is no reason for this to be the case but there is nothing to prohibit it either) 
then only accesses allowed by all overlapping regions are permitted. That is if a DRAM address appears in 
both Regionl and Regions (for example) the cpujacode of an access is checked against the access pennis- 
sions of both regions. If both regions permit the access then it will proceed but if either or both regions do 
* not permit the access then it will not be allowed. 
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The MMU does not support negatively sized regions i.e. the value of the RegionNTop register should 
always be greater that the value of the RegionNBottom register If RegionNTop is lower in the address map 
than RegionNTop then the region is considered to be zero-sized and is ignored. 

When both the RegionNTop and RegionNBottom registers for a region contain the same value the region is 
then simply one 256-bit word in length and this corresponds to the smallest possible active regiozL 

ff.6.5.2 Region Control registers 

Each memory region has a control register associated with it. The RegionNControi register is used to set 
the access conditions for the memory region boimded by the RegionNTop and RegionNBottom registers. 
Table 1 9 describes the function of each bit field in the RegionNControi registers. All bits in a RegionNCon- 
troi register are both readable and writable by design. However, like all registers in the MMU, the 
RegionNControi registers can only be accessed by code running in supervisor mode. 



Table 19. Region Control Register 





mm 




SupervisorAccess 


2:0 


Denotes the type of access allowed when the CPU is running in 
Supervisor mode. For each access type a 1 indicates the access is 
permitted and a 0 indicates the access is not permitted. 
bitO - Data read access permission 
bit1 - Data write access permission 
t>it2 - Instruction fetch access permission 


UserAccess 


5:3 


Denotes the type of access allowed when the CPU is running in 
User mode. For each access type a 1 indicates the access is per- 
mitted and a 0 indicates the access Is not permitted. 
bit3 < Data read access permission 
t)it4 - Data write access permission 
bits - Instruction fetch access pem^ssion 



Status Register 

The SPARC V8 architecture allows for a number of types of memory access error to be trapped- These trap 
types and trap handling in general are described in chapter 7 of the SPARC architecture manual [32]. 
According to the SPARC architecture manual the processor will automatically move to the next register 
window (i.e. it decrements the current window pointer) and copies the program counters (PC and nPC) to 
two local registers in the new window. The supervisor bit in the PSR is also set and the PSR can be saved 
to another local register by the trap handler (this does not happen automatically in hardware). 

At the time of writing it is not clear whether the LEON core can easily accept memory access error trap 
types (i.e. the 8-bit tt field of the Trap Base register). Further investigation is needed to determine it this is 
possible and if existing trap types will cover the different types of bus error possible on SoPEC. Up to 32 
implementation specific trap types are allowed so conditions unique to SoPEC can be handled in this man- 
ner 

If it is not possible for sufficient information about the cause of the bus error to be passed to the LEON 
core using the above mechanisms then a status register will be implemented to record the relevant informa- 
tion. 

11 .6.6 MMU Sub-block partition 

As can be seen from Figure 19 and Figure 20 the MMU consists of five principal sub-blocks. For clarity 
the connections between these sub-blocks and other SoPEC blocks and between each of the sub-blocks are 
shown in two separate diagrams. 
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haddr(31:0] — 
hwdata[31:0] — 
hfdataiairO] 

hSBl — 
hwrite — 
htransflrO) — 
h8ize[2:0] — 
hbur8t(2:0] 

hmastflit3:oj — - 
hmastarlock — 
hready ^ 

hrfl8pf1.-0I 
hsplft(15:0] ^ 



luiJr1[3:01 ^ 
luo.IflI3:0J — 
iuo.lntack — 



debuo.d8tajout4 
.data_vaifi' 



.crtrt ^ 



LEON 
Bridge 



I Cache 

DIU 
Bu5 

Interface 



MMU 

Control 

Block 



RDU 



CPU 

Subsystem 
Bus 

Interface 



iiiiiiiiU 



dram_cpu_dataJ255:0] 

qxj_diu_rreq 

diu_cpu_fack 

dlu__cpu_fva[id 

cpu_dlu_wreq 

dlu_cpu_wack 

cpu.dtu.wvard 

cpu_d}u_wmasl({l :0] 

lcu.cpujlml(3:01 
cpu_lack 

epu_lcMjleveiI3:0] 



— ^ cpu.fwn 

^ q3u_dataout[31:0] 



cpu_adf(21:0| 
cpu_aoode{1:01 

' cpu_cpf_sel 

► cpu_dhj_set 

' cpu_gpk>_sel 
• cpiLicu_sel 
^ cpu^lss.sel 

► cpu_pcu.sel 
- cpu_$cb_$et 

cpu_tim_sel 
qxj_tx>m„sel 

► cpu_diu_8el 



cpr_cpu_data{3l:0) 
diu_cpu_data{31 :0] 
^o_q3u_data[3t rO] 
icu_cpu_data(31:0) 
tss_cptJ_data(3l:0J 
pcu_q3icdata(3i :0| 
scb.cpu_data(3 1 :0] 
tlm_cpu_data[3 1 :0] 
rom.cpu_data(ai :0} 
pss jcpujdata(3i .*0) 



Figure 19. MMU Sub-block partition* external signal view 
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LEON 
Bridge 



cpu_start.aocess 
cpu_benn:0] 



cpu_nwn 



cpM_nnfTnj.adf(3 1 :0^ 



cpa_dataoiit^l H)J 



mmu_cpu_data(3 1 :0] 



4 mmu_cou_fdv 



ci>u_n¥nu_Bcode( 1 ^ 



nimu_cpu_bWT 



cpu'teck 



ICache 



lc,cache_hit 



q>u.adfI21:0) 



dfam_access_en 



MMU 

Control 

Block 



Configuration 
Registers 



{21:1 



OIU 
Bus 

Interface 



drafTt_data(31:0] 



,oce^_en ^ 



perl,mmu,datap 1 :0| 



peri_inmu_rdy 



peri^mfnu_befr 



CPU 

Subsystem 
Bus 

Interface 



RDU 



Figure 20. MMU Sub-block partftion, internal signal view 



ii.€.6.1 LEON Bridge 



At the time of writing it is expected that the LEON core will be used with its AHB interface rather than be 
modified to comply with the protocols used on SoPEC, m particular the DIU protocol for DRAM access. 
The LEON bridge consists of an AHB bridge and some glue logic. The AHB bridge will conv^ert between 
the AHB and the DIU and CPU subsystem bus protocols. The AHB bridge will always be a slave on the 
AHB. Glue logic will be required to assist with endianness coherency, interrupts and other miscellaneous 
signaUing. 



Table 20. LEON bridge l/Os 











Global SoPEC signals 


prst_n 


1 


In 


Global reset Synchionous to pclk, active low. 


pclk 


1 


In 


Global dock 


LEON Bridge to AHB signals 


haddrt31:03 


32 


In 


AHB address bus 


hwdata(31X)J 


32 


In 


AHB write data bus 


hrdata[31:0] 


32 


Out 


AHB read data bus 


MseJ 


1 


In 


AHB stave select signal 
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Table 20. LEON bridge VOs 











hwnte 


1 


tn 


AHB write signal: 
1 - Write access 
0 - Read access 


htrans 


2 


In 


Indicates the type of the current transfer: 

00 -IDLE 

01 • BUSY 

10-NONSEQ 

1 1 - SEQ 


hsize 


3 


In 


Indicates the size of the current transfer: 

000 ' Byte transfer 

001 - Halfword transfer 

010 - Word transfsr 

on • 04-DIT transter (unsupported?) 

Ixx - Unsupported larger wordslzes 






in 


Indicates if the current transfer forms part of a burst and the type of 
burst 

000 • SWGLE 

001 • INCR 
010-WRAP4 
Oil •INCR4 
100-WRAP8 
101 - INCRe 
110-WRAP16 
111 - INCRlfi 


hpfot 


4 


In 


Protection control signals pertaining to the current access: 
hprotfO] - Opcode<0} / Oata{1) access 

hprot(2] - Non-bufferable(0) / BufferBt3]e(1) access (unsupported) 
hproi(3] - Non-cacheable(O) /Oicheable access 


hmaster 


4 


In 


indicates the identity of the current bus master. This will always be 
the LEON core. 


hmasUock 


1 


In 


Indicates that the current master Is performing a locked sequence 
of transfers. 


hready 


1 


Out 


Active high ready signal Indicating the access has completed 


hresp 


2 


Out 


Indicates the status of the transfer: 
00- OKAY 
01 - ERROR 
10 -RETRY 
11 -SPUT 


hsplit 


16 


Out 


This 16-bit split bus is used by a slave to indicate to the arbiter 
wtuch bus masters should be allowed attempt a split transaction. 
This feature wiQ be unsupported on the AHB bridge 


Toplevel/ Common LEON bridge signals 


cpu_dataout(31K)] 


32 


Out 


Data out bus to both DRAM and peripheral devices. 


cpu_iwn 


1 


Out 


Read/NotWrite signal. 1 s Current access Is a read access. 0 « 
Current access is a write access 


icu_cpu_nevel[3:0] 


4 


In 


An interrupt is asserted by driving the etppropriate priority level on 
icu^cpuJtQveL These signals nuist remain asserted until the CPU 
executes an interrupt acknowledge cycle. 


cpi]_(cuJlevel[3K)) 


4 


tn 


Indicates the level of the interrupt the CPU is adcnowledging when 
cpuJackXs high 
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Table 20. LEON bridge UOs 











cpu.iack 


1 


Out 


Interrupt acknowvledge signal. The exact timing depends on the 
CPU core implementation 


cpu_start_access 


1 


Out 


Start Access signaJ indicating the start of a data transfer and that 
the cpu_adn cpu_da(aout, cpu^rwn and cpu^acode signals are all 
valid. This signal is only asserted during the first cyde of an access. 


cpu.ben[1 K)] 


a 


Out 


Byte enatjie signals. 


LEON core to LEON bridge slgnaltt 


luhlri 


4 


Out 


Interrupt level request to the LEON Integer Unit 


luoJrl 


4 


In 


Adoiowledoed interrupt level from the LEON Integer Unit 


hjoantack 


1 


In 


Interrupt acknowledge signaJ from the LEON Integer Unit 


LEON bridge to MMU 


f Controf Block signals 


cpu_mmu_adr 


32 


Out 


CPU Address Bus. 


mmu_cpu_data 


32 


In 


Data bus Uoni the MMU 


mmu__cpu_rdy 


1 


In 


Ready signal from the MMU 


cpu_mmu_acode 


2 


Out 


Access code signals to the MMU 


mmu_cpu_b€ rr 


1 


In 


Bus eiTor signal from the MMU 



Description: 

The L^ON bridge must ensure that all CPU bus and interrupt transactions are functionally correct and that 
the timing requirements are met This sub-block is also responsible for ensuring endianness coherency i.e. 
guaranteeing that the correct data appears in the correct position on the data buses (itrdata, cpujlataout 
and mmu^cpu^data) for every type of access. This is a requirement because the LEON uses big-endian 
addressing while the rest of SoPEC is little-endian. 

It is expected that some signals (especially those external to the CPU block) will need to be registered here 
to meet the timing requirements. Careful thought wiU be required to ensure that overall CPU access times 
are not excessively degraded by the use of too many register stages. 

11.6.6.2 DtU Bus Interface 

The DFU bus interface will handle all valid accesses to the embedded DRAM via the DIU. The DIU bus 
mterface ensures that the access conforms to the DIU bus protocol whUe the DIU manages the arbitration 
and data alignment. 



Table 21. OiU Bus Interface l/Os 







Globaf SoPEC signals 


prst_n 


1 


In 


Global reset. Synchronous to pdK active low. 


pdk 


1 


In 


Global dock 


Toplevel/Common DIU Bus interface signals 


dram_cpu_datal25S:0I 


256 


in 


Read data from the DRAM. 


cpu_diu_rreq 


1 


Out 


Read request to the OIU DRAM 


diu_cpu_rack 


1 


In 


Acknowledge from DIU that read request has been accepted. 


diu.cpu_rvaKd 


1 


In 


Signal from DIU indicating that valid read data is on the 

dram_cpu_data bus 


cpu_dlu_wreq 


1 


Out 


Write request to the OIU 
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Table 21, DIU Bus Interface UOs 











dfu^cpu.wack 


1 


In 


Acknowledge from the DIU that the write request has been 
accepted 


cpu^diu^wvaird 


1 


Out 


Signal from the CPU to the DIU indicating that the data cun-entJy on 
the qpM.dafao(/^bus is valki 


cpu.diu_wmask[l :0] 


2 


Out 


Flag Indicating format of CPU write to DRAM. These signals are 

direcdy derived from the cpujben signals 

cpu^diu_wmask = 00: S-Wt write 

cpu^diu^wmask « 01 : 1 6-bit write 

cpu^diu^wmask^ 10: 32-bit write 

cpu^diu^wmask^ 11: reserved 

cpu_adr[2:0] are driven in accordance with the width of the data 
access indicated by cpujdiu_wma^ Addresses cannot ctoss a 
256-fait word DRAM boundary. 


dram_fdy 


1 


Out 


Data Ready signal. Indicates the data on the dram_cpu_data bus is 
valid for a read cyde or that the data was successfully dispatched 
to the DIU for a write cyde. 


DIU Bu« Interface to MMU Ck>ntrol Block signals 


cpu_adit21:0] 


22 


In 


Toplevel CPU Address bus. 


dmm_data(31X3J 


32 


Out 


Data bus containing the 32 bits addressed by cpu_adif 4:2] ftom the 
256-bft DRAM read bus dram^^ujdata 


dranuaooess.en 


1 


In 


Enable Access signai. A DRAM access cannot be initiated unless it 
has been enabled by the MMU Control UnH 


DfU Bus Interface to JCaclie signals 


ic^cacho.hit 


1 


In 


Cache hit signal from the ICache. This indicates thai the cun-ent 
CPU read request is being serviced by the ICache and so should 
not be retrieved from the ORAM. 


DIU Bus Interface to LEON bridge signals — ~ 


cpu.ben[1:0] 


2 


In 


Byte enable signals from the l-EON bridge. These are forwarded on 
to the DiU as the qpii_d/u.vvn7as/t signals 


cpu_start_aocess 


1 


In 


Start Access signal from the l_EON bridge indicating the start of a 
data transfer and that the cpu^adr, cpu^dataout, cpu_fwn and 
cpu^acode signals are all valid. This signal is only asserted during 
the first cyde of an access. 



Description: 

The DIU Bus Interface handles all data transfers between the CPU (or ICache) and the DIU. This involves 
translating between the different protocols used on the DIU and CPU buses. The validity (i.e. is the CPU 
running m the correct mode for the address space being accessed) of an access is determined by the MMU 
Control Block which also checks that a DRAM access does not cross a 256-bit boundary (as required by 
the DIU) and the dram^access^en is asserted if it is a valid access. Invalid accesses do not initiate DRAM 
accesses. The operation of the DIU Bus Interface is described by the state machine shown in Figure 21 and 
the DIU bus protocol is described in more detail in section 20.9. The DIU will return a 256-bit dataword 
on dram^cpu^data[255:0] for every read access. The DIU Bus Interface must select the appropriate 32-bit 
word from this according to the word address given by q}uj2dr[4:2}. 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 83 



SoPEC : Hardware Design 



Pfst fi' 



CPU start ftnr^<; 



cpu_cfiu_rreq « 0 
cpujdiujMteq = 0 
cpu_ditj_wvaRd = 0 
dram^rdy a 0 



dram. 




tihi CPU wvniM.* 



Figure 21. DIU Bus Inteiface state machine 



11.6.6,3 CPU Subsystem Bus interface 



The CPU Subsystem Interface block handles all valid accesses to the peripheral blocks that comprise the 
CPU Subsystem. 

Table 22. CPU Subsystem Bus Interface l/Os 











Global SoPEC signali 


5 


prst_n 


1 


In 


Global reset. Synchronous to pcJk, active low. 


pclk 


1 


In 


Global dock 


Toplevel/Common CP 


U Subsystem Bus Interface signals 


cpu_cpr_sel 


t 


Out 


CPR block select 


cpu_gpio_se( 


1 


Out 


GPIO block select. 


cpujcu_sel 


1 


Out 


ICU block select. 


cpujss.sel 


1 


Out 


LSS block select. 


cpu_pcu_sel 


1 


Out 


PCU block select. 
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Table 22. CPU Subsystem Bus Interface l/Os 







mm 




cpu_scb_sel 


1 


Out 


SOB blcx^k select. 


cpu_tim_se) 


1 


Out 


Timers block select. 


cpu_rom_sel 




Out 


ROM block select. 


cpu_pss_sel 





Out 


PSS block select. 


cpu:_diu.se{ 




Out 


OIU block select 


cpr_cpu_data[31:0] 


32 


In 


Read data bus from the CPR block 


gpio_cpu_datat31:0J 


32 


In 


Read data bus from the QPIO block 


icu_cpu_data|31:01 


32 


In 


Read data bus from the ICU block 


Iss.cpu_datal31:0] 


32 


In 


Read data bus from the LSS block 


pcu_cpu_data[31 .-0) 


32 


In 


Read data bus from the PCU block 


scb_cpu_data[31 :0] 


32 


In 


Read data bus from the SOB block 


tim_cpu.data(31 :0] 


32 


In 


Read data bus from the Timers block 


rom_cpu_data[31 :0} 


32 


In 


Read data bus from the ROM btock 


pss_cpu_data{31 :0} 


32 


In 


Read data bus from the PSS bkxrf< 


diu_cpu_data(31 :0] 


32 


In 


Read data bus from the DIU block 


cpL.cpu_rdy 


1 


In 


Ready signal to the CPU. When cpr^cpu^rxiyis high it indicates the" 
last cycle of the access. For a write cyde this means cpu^dataout 
has been registered by the CPR block and tdr a read cyde this 
means the data on cpr_cpu^data is vaHd. 


gplo.cpu.rdy 


1 


In 


GPIO ready signal to the CPU. 


tcujDpu_rdy 




In 


ICU ready signal to the CPU. 


lss_cpu_rdy 


1 


In 


LSS ready srgnal to the CPU. 


P«i_cpu_rdy 




In 


PCU ready signal to the CPU. 


scb_cpu_rdy 




In 


SCB ready signal to the CPU. 


trm_cpu_rdy 


1 


In 


Timers block ready signal to the CPU. 


rom_cpu_rdy 




In 


ROM btock ready signal to the CPU. 


psa_cpu_cdy 




In 


PSS block ready signal to the CPU. 


diu_cpu_rdy 




In 


DIU register block ready signal to the CPU. 


Cpr_cpu_b€rr 




In 


Bus Error signal from the CPR block 


gpio_cpu_berr 




In 


Bus Error signal from the GPIO block 


ICU_CpU_b€IT 




In 


Bus Error signal from the IQU block 


Iss_cpu_berr 




In 


Bus Error signal from the LSS block 


pcu„cpu_berr 




In 


Bus Error signal from the PCU bkx* 


scb_cpu_berr 




In 


Bus Error signal from the SCB block 


tim_cpu_b0rT 




In 


Bus Error signal from the Timers block 


rom_cpu_berr 




In 


Bus Error signal from the ROM btock 


pss_q5u_befr 




In 


Bus Error signal from the PSS block 


diu_cpu_berr 




In 


Bus Error signal from the DIU bk>ck 


CPU Subsystem Bus (nterface to MMU Control Block signals 


cpu.adrI19:12] 


6 


In 


Topfevel CPU Address bus. Only bits 19-12 are required to decode 
the peripherals address space 


perLaccess.en 


1 


In 


Enable Access signal. A peripheral access cannot be initiated 
unless it has been enabled by the MMU Control Unit 
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Table 22. CPU Subsystem Bus Interface VOa 















UUl 


Data bus from the selected peripheral 


peri_mniu_rcfy 


1 


Out 


Data Ready signal. Indicates the data on the pen_jnmu data bus Is 
valid for a read cyde or that the data was successfully written to the 
peripheral for a write cyde. 


perl_mfiiu_ben' 


1 


Out 


Bus Error signal. Indicates a bus error has occurred In accessing 
the selected peripheral 


CPU Subsystem Bus 


ntcsrf ace t 


o LEON bridge signals 


cpu_start_acc6ss 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the cptL^dr, cpujdataout. cptjutwn aad 
cpu_acode signals are all valid. This signal Is only asserted during 
the first cyde of an access. 



// The I>eri_accea9_en signal will have the 
// timing required for block selects 



Description: 

The CPU Subsystem Bus Interface block performs simple address decoding to select a peripheral and mul- 
toplexmg of the return^ signals ftom the various peripheral blocks. The base addresses used for the 

J^thf N^rTr ° r^i^l^ "^"^ ""'^ coniigumrion registers are handled 

by the MMU Control Block rather than the CPU Subsystem Bus Interface block. The CPU Subsystem Bus 
Interface block operation is described by the following pseudocode: 

inasked_cpu_adr = cpu_adr 1 19 : 123 
case (inasked^cpu^adr) 
when TiM_basetl9:12J 

cpu_tinusel = peri_access_en 

peri_jnrnu__data = tiin_cpu_data 

peri_nxtnu_rdy = tiin_cpu_rdy 

peri_mmu_berr = tim_cpu_berr 

all^other^selects = 0 // Shorthand to ensure other cpu^blocK.sel signals 

// remain deasserted 

when LSS_base [19 : 12 3 

cpu^lss^sel « peri_access_en 
perijTanu_data = Iss_cpu_data 
peri_jt«nu_rdy = lss_cpu_rdy 
peri_inmu_berr = lss_cpu_berr 
alI_other_seleccs - 0 
when GPio_base( 19: 12) 

cpu_gpio_3el = peri_access_en 
Pe^i— a™u_data « gpio_cpu_data 
peri_inrau_rdy = gpio_cpu_rdy 
peri_mmu_berr = gpio_cpu_berr 
«ll_o therms elects = 0 
when SCB_base(19:12] 

cpu_scb_sel = peri_access_en 
peri_inrou_data = scb_cpu_data 
peri_jtwru__rdy = scb_cpu_rdy 
peri_mmu_berr = scb_cpu_berr 
all_ocher_selects = o ' 
when ICU_base[19:12] 

cpu_icu_sel = peri_access_en 
perijninu_data = icu_cpu_data 
peri_jnmu_rd(y = icu_cpu_rdy 
peri_n«mu_berr = icu_cpu_bcrr 
*ll_other_s elects « 0 
when CPR_base(19: 12J 

cpu_cpr_sel = peri_access_en 
peri jnrau_data = cpr_cpu_data 
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peri_ininu_rdy « cpr_cpu_rdy 
iporijmu^berr = cpr_cpu_berr 
all.other.seXects = 0 

when RQN.base[19:121 

cpu_roousel = peri_access„en 
peri_jnmu_data = ronucpu_data 
peri_iBtnu_rdy = rorn_cpu^rdy 
peri_pimu_berr - ronucpu^berr 
a ll_other_s elects = 0 

when P5SJba8e[19:12} 

cpu_pss_sel = peri_«cces8_en 
peri_innu_data = pss_cpu_data 
peri_pTOU_rdy » pss_cpu_rdy 
peri_pBnu^berr = pss^cpu^berr 
all_other.selec.ts = 0 

when DIU.base[19:12] 

cpu_diu.sel B peri.access_en 
peri_ptnni_dat:a - diu.cpii.data 
perijnmu_rcly = diu.cpu.rdy 
peri_|nmu.ber-r = diu.cpu_berr 
all.other_selects = 0 

when PCU_base(19:12] 

cpu.diu.Bel 3 peri.access.en 
peri_niinu_aata = pcu_cpu.data 
perijT»nu.rdy « pcu.cpu.rdy 
peri_iiiiiu_berr = pcu_cpu.berr 
all.other_selects = 0 

when others 

I all.block_select3 = 0 

perijnmu^data - 0x00000000 
peri_jnmu_rdy = 0 
peri_;nmu_berr = 1 
end case 



11.6.6.4 MMU Control Block 

The MMU Control Block determines whether every CPU access is a valid access. No more than one cycle 
is to be consumed in determining the validity of an access and all accesses must terminate with the asser- 
tion of either mmu_cpu_jdy or mmu^cpujberr. To safeguard against stalling the CPU a simple bus timeout 
mechanism will be supported. 



I Table 23. MMU Control Block l/Os 











Global SoPEC srgnals 


prst_n 


1 


In 


Global reset Synchronous to pclk, active low. 


pcflc 


1 


In 


Global dock 


Toplevet/Common MMU Control Block signals 


Cpu_adrt21;0] 


22 


Out 


Address bus for both DRAM and peripheral access. 


cpu.aoode(1 :0] 


2 


Out 


CPU access code signals {cpu^mmu^eioode) retimed to meet the 
CPU Subsystem Bus timing requirements 


dram.access.en 


1 


Out 


ORAM Access Enable signal. Indicates that the current CPU 
access is a valid ORAM access. 


MMU Control Block to LEON bridge signals 
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Table 23. MMU Control Block l/Os 



cpu_mmu_adrI31 :0] 


32 


In 


CPU core address bus. 


cpu_dataout[dl:OJ 


32 


In 


Toplevel CPU data bus 




04. 


Out 


Data bus to the CPU core. Carries the data for all CPU read opera- 
tions 


cpu^rwn 


1 


In 


Toplevel CPU Read/notWrite signal. 


cpu_mmu_acode(1 .-Oj 


2 


In 


CPU access code signals 


mmu_cpu^fdy 


1 


Out 


Ready signal to the CPU core. Indicates the conrptetkin of all valM 
CPU accesses. 




1 


Out 


Bus Error signal to the CPU core. This signal is asserted to termi- 
nate an invalid access. 


cpu_8tait_access 


1 


In 


Start Access signal from the LEON bridge Indicating the start of a 
data transfer and that the cpu^adr, cpu_dataout, cpu_rwn and 
cpu_aco<te signals are all valW. This signal is only asserted during 
the first cyde of an access. 


cpujack 


1 


In 


Interrupt Acknowiedge signal from the CPU. This signal is only 
asserted during an interrupt acknowledge cycle. 


cpu.benfl.-O] 


2 


In 


Byte enable signals indicating which bytes of the 32-blt bus are 

being acxessed. 


MMU Control Block to 


OIU Bus Interface signals 


dram.rdy 


1 


In 


Data Ready signal. Indicates the data on the dram_cpu_data bus is 
valid for a read cycle or that the data was successfully dispatched 
to the DIU tor a write cyde. 


MMU Control Block to 


1 Cache sIgnaJs 


ic_data(31:0] 


32 


m 


Data txis from the ICache 


tcjrdy 


1 


In 


Ready signal from the ICache indicating the data on ic^data is valid 


MMU Control Block to CPU Subsystem Bus Interface elgnals 


peri_aocess_en 


1 


Out 


EnaWe Access signal. A peripheral access cannot be initiated 
unless it has been enabled by the MMU Control Unit 


peri_mmu_cfata(31 :0} 


32 


in 


Data Injs from the selected peripheral 


peri_nrimu_fdy 


1 


In 


Data Ready signal. Indicates the data on the pert_mmu_data bus Is 
valid for a read cyde or that the data was successfully written to the 
peripheral tor a write cyde. 


peri_nimu_berr 


1 


In 


Bus Error signal. Indicates a bus error has occurred in accessing 
the selected peripheral 



DBScription: 

The MMU Control Block is responsible for the MMU^s core functionality, namely detennining whether or 
not an access to any part of the address map is valid. An access is considered valid if it is to a mapped area 
of the address space and if the CPU is running in the appropriate mode for that address space. Furthermore 
the MMU control block must correctly handle the special cases that are: an intemipt acknowledge cycle, a 
reset exception vector fetch, an access that crosses a 256-bit DRAM word boundary and a bus timeout 
condition. The following psieudocode shows the logic required to implement the MMU Control Block 
functionality. It does not deal with the timing relationships of the various signals - it is the designer's 
responsibility to ensure that these relationships arc correct and comply with the difiFcrent bus protocols. 
For simplicity the pseudocode is split up into numbered sections so that the functionality may be seen 
more easily. 
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PSO Description: This first segment of code defines a number of constants and variables that are used 
elsewhere in this description. Most signals have been defined in the I/O descriptions of the MMU sub- 
blocks that precede this section of the document. The post_resetjstate variable is used later (in section 
PS4) to determine if we should translate the reset exception vector address or trap a null pointer access. 

PSO: 

const UnusedBottom = 0x002ACOOO 
const DRAMTop = 0x0027FFFF 
const UserOata Space =» bOl 
const UserProgramSpace » bOO 
const SuperviaorDataSpace = bll 
const Supervisor ProgramSpace = blO 

const timeout^limit = 0x40 // Need to confirm that this is a suitable value 
const ResetExceptionCycles = 0x8 



cpu_adr_peri_;nas)ced[7 :0] = cpu_inmu_adr 119 :12] 
cpu^adr_dran\_?nasked(16 $0) cpu_mmu_adr & 0x003FFFE0 

if (prst^ == 0) then // Initialise everything 

cpu_adr - cpu_inmu_adrf21 : OJ 
peri_accesa_€n = 0 
dram_access_en = 0 
tntnu_cpu_data = peri_jmmu^data 
inmu_cpu_rdy = 0 
nrou^cpu^berr - 0 
post_reset_9tate = true 
access.initiated = FALSE 
cpu_access^cnt ^ o 



// The following is used to determine if we are coming out of reset for the purposes of 
// reset exception vector redirection. There may be a convenient signal in the CPU core 
// that we could use instead of this. 

if ((cpu.start_access c= 1) AND <cpu_access_cnt < ResetExceptionCycles ) AND 
(clock^tiOc == TRUE)) then 
cpu_access_cnt = cpu_access_cnt +1 
else 

post_reset_atate = FALSE 



PSl Description: This section is at the top of the hierarchy that determines the validity of an access. The 
address is tested to see which macro-region (i.e. Unused, CPU Subsystem or DRAM) it falls into or 
whether the reset exception vector is being accessed. 

PSl: 

if (cpujnmu^adr >= UnusedBottom) then 

// The access is to an invalid area of the address space. See section P62 

elsif ( (cpu_tnmu_adr > DRAMTop) AND {cpu_nirau_adr < UnusedBottom) ) then 

// We are in the CPU Subsystem/PEP Subsystem address space. See section PS3 

// Only remaining possibility is an access to DRAM address space 

// First we need to intercept the special case for the reset exceptiion vector 

elsif (cpu_ninu_adr < 0x00000010) then 

// The reset exception is being accessed. See section PS4 

elsif < (cpu_adr_drajn_jnasked >= RegionOBottom) AND (cpu_adr_drani_niasked <= 
RegionOTop) > then 
// We are in RegionO. See section PS5 

< <cpu_adr_draiiumas)ced >= Reg ionNBot torn) AND (cpu_adr_draziL.masked <= 
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RegionNTop) > then // we are in RegionN 
// Repeat the RegionO (i.e. section PS5> logic for each of Regionl to Region? 

else //We could end up here if there were gaps in the DRAM regions 

peri_access_en = 0 
dram_access_en = 0 

ramu_cpu_berr = 1 //we have an unknown access error, moat likely due to hitting 
™u_cpu_rdy =0 //a gap in the DRAM regions 

// Only thing remaining is to implement a bus timeout function. This is done in PS6 
end 

PS2 Description: Accesses to the large unused area of the address space arc trapped by this section. No 
bus transactions are initiated and the mmu^cpujberr signal is asserted. 

PS2: 

els if <cpujiTOu_adr >= UniisedBottom) then 

peri_access_en = 0 // The access is to an invalid area of the address space 
drazi\_access_en = 0 
onw^cpu^berr = 1 
n'niu_cpu_rdy « 0 

PS3 Description: This section deals with accesses to CPU Subsystem peripherals, including the MMU 
itself. If the MMU registers are being accessed then no external bus transactions are required Access to 
the MMU registers is only perniitted of the CPU is making a data access from supervisor mode, otherwise 
a bus eiTor is asserted and the access terminated For non-MMU accesses then transactions occur over the 
CPU Subsystem Bus and each peripheral is responsible for determining whether or not the CPU is in the 
correct mode (based on the cpu_acode signals) to be permitted access to its registers. Note that all of the 
PEP registers are accessed via the PCU which is on the CPU Subsystem Bus. 

PS3: 

elsif ( (cpu_mmu_adr > DRAMTop) AND (cpu_mmu_adr < UnusedBottom) ) then 
// We are in the CPU Stibsystem/PEP Subsystem address space 

cpu_adr = cpu_rarau_adr C 2 1 : 0 ] 

if (cpu_adr_peri_masked == MMU_base) then // access is to local registers 
peri_acceas_en = 0 
draji\_access_en = 0 

if <cpu_acode == SupervisorOataSpace) then 
for (i=0; i<26; i-f+) { 

if ((i cpu_rnmu_adr ( 6 : 2 ] ) then // selects the addressed register 
if (cpu_rwn 1) then 

inmu_cpu_data[16:0) = MMURegti] // MMURegtiJ is one of the 
inmu_cpu„rdy = 1 // registers in Table 18 

mmu_cpu_berr = 0 
else // write cycle 

MMURegti! = cpu_dataout f 16 j OJ 
inmu_cpu_rdy - 1 
nmiu_cpu_berr 0 
else // there is no register mapped to this address 

mmu_cpu_berr =1 // do we really want a bu3_error here as registers 
nimu_cpu_rdy = 0 // are just mirrored in other blocks 

else //we have an access violation 
inmu„cpu_berr » 1 
niniu_cpu_rdy « o 

else // access is to something else on the CPU Subsystem Bus 
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peri_access_€n = 1 
drain_acces8_en = 0 
nttnu_cpu__data = peri_;nmu_data 
n«nu_cpu_rdy = peri^jraru^rdy 
«nniM_cpicberr = peri_^u_berr 



PS4 Description: The oniy correct accesses to the locations beneath 0x00000010 are fetches of the reset 
^ handling routine and these should be the first accesses after reset Here we trap all other accesses to 
^ese locations regardless of the CPU mode. This most likely cause of such an access will beS^ of a 
nuU pomter m the program ©cecuting on the CPU. 

PS4: 

«lsif (CPU n«nu_adr < OxOOOOOOlO) then //may need to translate a wider range - depend.! 
If (post reset^state TRUE)) then // on how LEON handles the reset exception 
cpu.adrr21:0J - {R0M^base(21 : 3) , cpu_imnu_adr [ 2 : 0 J ) exception. 
peri_acQess_en = 1 
drain_acces8_en = 0 
nm»u^Cpu_data « perijiniiu_data 
nmu_cpu_rdy = peri_ininu_rdy 
mmu_c:pu_berr = peri^mniu_berr 
else //we have a problem (almost certainly a null pointer) 
peri_access_en = 0 
dranuaccess_en = 0 
njmu^cpu_berr s 1 
inmu_cpu_rdy = 0 

J^'.^'^^'' '^'''^^^ of pseudocode simply checks whether the access is within the bounds 
of DRAM RegionO and if so whether or not the access is of a type pemiitted by the RegionOContml regis- 

T; u^t f "^"1 ^^"^f ^ ^ ^"^"^^ ^« ^«ses and for instruction 

fetches Aat result m a cache miss. All instruction fetches are returned via the ICache interface regardless 
of whe&er they come from a cache hit or refill from DRAM, If the access is not of a type permitted by the 
RegionOControl register then the access is terminated with a bus error. 



FS5: 



elsif ( (cpu_adr_dram_inaaked >= RegionOBottom) AND (cpu_adr dranonasJced <= 
RegionOTop) ) then //we are in RegionO 

V, ""^^^ « 256-bit boundary 

// only 16 or 32-bi.t CPU accesses are capable of traversing a 256-bit boundary 

'^Jo ((cpujBmu_adr(4:0j OxlF) AND ((cpu^ben == bOl) OR (cpu.ben biO))) 
OR ((cpu_inimi_adr[4:0) == OxlE) AND Ccpu^ben « blO) > 
OR ((cpu_inmu_adr[4r0] =- OxlD) AND (cpujben « blO) ) ) then 

peri_access_en = 0 

draiiL.acces8_en s 0 

miu^cpu^berr = 1 

oimu^cpu^rdy = 0 



se // access does not cross 2 56 -bit boundary so we can proceed 
cpu.adr - cpu_;nmu_adr (21 : 0] 
if (cpu_rwn == 1) then 

if <(cpu_acode == SupervisorProgramSpace AND RegionOControl (2 J ==1)) 

OR (cpu^acode == UserProgramSpace AND RegionOControl (5] 1)) then 
// this is a valid instruction fetch from RegionO 

peri_access_en = 0 

drain_access_en = 1 

roinu_cpu_data = ic_data 

n"niu_cpu_:rdy « ic^rdy 
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inntu_cpu_b€rr = 0 

elsif ((cpu^acode «= SupervisorDataSpace AND RegionOControKO] == 1) 
OR <cpu_acode UserDataSpace AND RegionOControl [3] =«= 1)> then 

// this is a valid read access from Region© 

peri_access_en = 0 
draiit.access.en = 1 

mnwi™cpu_data = dranudata // possibly drc^data if dcache is used 
ininu_cpu_r<^/ = draaurd^ // possibly drc_rdy 
nwiU-cpu_berr = 0 



//we have an access violation 



// possibly dwc_rdy if dcache is used 
//we have an access violation 



else 

peri_access_en » 0 
dranuaccess.en = 0 
mfl^— cpu_berr = 1 
niniu_cpu.rcly = 0 

// it is a write access 
if ((cpu_acode == SupervisorDataSpace AND RegionOControl CD == 1) 

OR <cpu_acode UserDataSpace AND RegionOControl f4 J == l)> then 

// this is a valid write access to RegionO 

peri_acces8_en = 0 
draxrL.access_en = 1 
nmru_cpu_rdy = draiii_rdy 
iTimu_cpu_berr = 0 
else 

peri_access_en « 0 
dranuaccess_en = 0 
inimi_cpu_berr = 1 
niinu_cpu_rdy = 0 

PS6 DescriptiOD: This final section of pseudocode deals with the special case of a bus timeout This 
occurs when an access has been initiated but has not completed before the timeoutjimit number of pclk 
eye es While access to both DRAM and CPU/PEP Subsystem registers will take a variable number of 
Tn i^l^!."Vr''m ^ l^^ command execution or the different timing required to access registers 

m imported IP) each access should complete before the timeoutjimit occurs. Therefore it should not be 
possible to stall the CPU by locking either the CPU Subsystem or DIU buses. However given the fatal 
effect such a stall would have it is considered prudent to implement bus timeout detection. 

PS6: 

// Only thing remaining is to implement a bus timeout function. 

if ( (cpu_start_access «== 1) then 
access.ini tia ted a TRtJE 
timeout_countdown a BusTimeout 

if ( <mmu_cpu_rdy 1 ) OR (romu_cpu_berr ==1 ) ) then 
access_initiated = FALSE 
peri_access_en = 0 
dranv_acces s_en = 0 

if ((clock_tick == TRUE) AND (access.ini tiated == true)) 
if <tijneout„countdown > 0) then 

t imeou t_coun tdown - - 
else // timeout has occurred 

peri_access_en «= 0 // abort the access 

dram^access^en s 0 
mmu_cpu__berr =1 
nimu^cpu^rdy = 0 



Doc; SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 92 



SoPEC : Hardware Design 



SI 



I 11.6.6.5 fCache 

The ICache sub-block implementation is described in section 1 1.7.1.1. 



11.7 Cache 



The decision on what type of caching solution to use on SoPEC is still open for the moment There are 
two probable solutions: a) use the LEON caches with a minimal configuration (1 KB I and D caches) and 
b) use separate, simple one line 256-bit caches for instmction. data read and data write accesses From a 
performance and (most likely) implementation pomt of view the LEON caches are the best solution how- 
ever they are much bigger than the one line caches (approx 6x). The one line caches do not offer the same 
degree of performance improvement as the LEON caches and are likely to add an extra cycle to aU mem- 
ory accesses. The performance penalty for a LEON cache miss (i.e. for all memory accesses if we arc not 
usmg the LEON caches) and the the best and worst case access times from DRAM have yet to be fuUy 
determmed The final decision on which caching solution to use will be made when all such infoimation is 
available. 

Therefore the section on caches, which was present in previous versions of this document but is now 
mostly out of date, has been removed (the ICache is still relevant if one line caches are used and so is 
retained). 



1 1.7.1 Instruction Cache 



A caching mechanism would offer the advantage of greater aggregate performance while still guaranteeing 
a mimmum level of performance. While greater perfonmance may not be required at present for this apph- 
cation the caching mechanism offers greater efficiency (i.e. MIPS/MHz) and so the CPU clock could be 
reduced without affecting, or only negligibly affecting, the operating performance. The advantage here is 
that the design is scalable - better performance can be achieved by simply increasing the clock rate. 
As all reads from the embedded DRAM on SoPEC produce words that are 256 bits wide it is inefficient to 
hook this up to a 32-bit CPU bus as 224 bits of each read would be discarded. If the full 256-bit word is 
^ored locally to the CPU as a single-line cache then a ??x perfonnance improvement could be obtained in 
the typical case (this is of course highly code dependent). This single line cache would be very easy to 
implement as it would just involve the address to be compared to a single tag and no replacement algo- 
rithm would be required. Fuitheimore the area impact would be minor and there should be no performance 
penalty for cache misses. As the dramjopuJUita bus is 256 bits wide the requested word is immediately 
available to the CPU i.e. we do not need to perform critical word first reordering of the data. 
The instruction cache is only accessed for instruction fetches, not all CPU reads. These can be differenti- 
ated by signals emanating from the CPU. Non-instruction CPU reads would be supported by the data 
cache. In the case of a cache miss the read request is processed by the MMU to ensure the request is valid 
before a read request is generated on the relevant external (to the CPU block) bus. The MMU should be 
infomied of a cache hit to ensure it does not generate an unneccessary read request This requires that the 
regions used to store code are aligned on 32-byte (256-bit) boundaries. 

As there is no requirement to have more time dctemiinistic code execution the instruction cache cannot be 
disabled. 



1 1. 7. 1. 1 iCache Implementation 



The Instruction Cache used in SoPEC is capable of storing just a single 256-bit DRAM word. An imple- 
mentation IS depicted in Figure 22 below. The block I/Os are given in Table 24 and these should be viewed 
m conjunction with Figure 19 and Figure 20 for a complete depiction of the connectivity of the block. 
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Ffgure 22. ICache Block Oiagranri 
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Table 24. ICache l/Os 











Global SoPEC signals '""'^ ^ 


pfst_n 


1 ^ 


in 


Glot>aJ reset. Synchronous to p<^K active low. 


pclk 


\ 1 


In 


Glot)al dock 


Topievei ICache signaJs 


dram_cpu_data{255:0] 


256 


In 


Data bus from the OIU 


cpu_acode{1:0) 


2 


In 


CPU access control signals 


cpu_adft21:21 


20 


In 


CPU core address bus. 


ICache to DfU Bus Interface signals 


ic_cache_hft 


1 


Out 


Cache hit signal. This indicates that the current CPU read request 
is being serviced by the ICache and so should not be retrieved from 
the DRAM. 




1 


In 


Data Ready signal. Indicates the data on the dram com bus is 
valid. 


ICache to MMU Control Block signals 


lc_data(31:03 32 Out | ICache data bus 
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Table 24. ICache i/Os 













1 


Out 


Ready signal from the ICache indicating the data on fc data Is valid 


dram_access_en 


1 


Out 


DRAM access enable signal. Indicates that the current CPU access 
is a valid DRAM access. 



Description: 

The Tag stores the DRAM word address of Ae word currently in cache. The Tag contents are compared 
v/iQi cpu_adrf2I:5J each time the CPU requests an instruction fetch from a vaUd DRAM address (indi- 
cated by cpu_acode[0] and dram_access_en). If a match occurs (i.e. a cache hit) the access is serviced by 
returning the correct 32 bits (as selected by cpu_adr[4:2]) to the MMU Control Block. If a match does not 
^i^fxi' *^ * ''^^^ ic_cac/ie_Afr line is held low indicating to the DIU Bus Interfecc that a 

DRAM access should commence. Completion of the DRAM access is signalled by the assertion of 
dram rdy and this causes the ICache contents to be updated, the Tag value replaced and the relevant 32 
b.ts fonvarded to the CPU accompanied by the asseitioa of the ic_rdy signal. It is updated each time the 
cache line is refilled from DRAM. All instruction fetches from DRAM are cacheable. regardless of which 
DRAM region is being accessed (although die access permissions still need to match those programmed 
for the region) and whether the CPU is in user or supervisor mode. 



11.7.2 Data Cache 



11.8 Realtime Debug Unr- (RDU) 

The RDU facilitates the observation of Ac contents of most of the CPU addressable registers in the SoPEC 
device m addition to some pseudo-registers in realtime. The contents of pseudo-registere. i.e. registers that 
are collections of otherwise unobservable signals and that do not affect the functionality of a circuit, are 
dctoed m each block as required. Many blocks do not have pseudo-registers and some blocks (e.g. ROM 
\n>i>) do not make debug information available to the RDU as it would be of litUe value in realtime debug. 
Each block that supports realtime debug observation features a DebugSelect register that controls a local 
mux to determmc which register is output on the block's data bus (i.e. block_cpu_datd). One small draw- 
b«:k with reusing the blocks data bus is that tiie debug data cannot be present on the same bus during a 
CPU read from the block. An accompanying active high block_cpu_debug_valid signal is used to indicate 
when the data bus contains valid debug data and when the bus is being used by die CPU. There is no arbi- 
tration for die bus as the CPU will always have access when required. A block diagram of the RDU is 
shown m Figure 23. 
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debug_data_valid 
^4 



debug.data_out[0] 
< 



debugL.data_out(1 7] 



1 



Debug 

DataOSrc 

Register 

> 



la_oul[17] 



J- 



Debug 
Data17Src 
Register 

> 



DebugSrc 
Register 



' cpr_cpu_debug_valid 
' diu_cpu_deUig_valid 
' flpio_cpu_debug_vaKd 
' icu_cpu_debug_valid 
■ lss_cpu_debug_valid 
pcu_cpu_debug_valid 
scb_cpu_debug_valid 
tim_cpu_debug_valid 

nmiu_debug.valid 



" cpr_cpu_data(31K)J 

• diu.Gpci_debug_data[31 ,*0] 

• 9P«>-cpu_data[31:OJ 
- icu_cpu_dalar31:01 

■ Iss_cpu_datai31:0] 

• pcu_cpu_data{31:0] 

• scb_cpu_data(31;0] 

• tim_cpu_data(31:0] 

' niniu_debug_data[31:0] 



debug,cn tri[18:01 




Figure 23. Realtime Debug Unft block diagram 



Tabfe 25. RDU UOs 







ma 




diu_cpu_data 


32 


In 


Read data bus from the DiU block 


cpf_cpu_data 


32 


In 


Read data bus from the CPR block 


gpio_cpu_data 


32 


In 


Read data bus from the GPIO block 


lcu_cpu_data 


32 


In 


Read data bus from the ICU block 


lss_cpu_data 


32 


In 


Read data bus from the LSS block 


pcu_cpu.debug__data 


32 


In 


Read data bus from the PCU tHock 
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Table 25. RDU UOs 











scb_cpu_dala 


32 


In 


Read data bus. frnm thA Qr*R Hnok 


linucpu_daia 


32 


In 


Read data bus from the TIM block 


diu_cpu_detHig_valid 




In 


Signal Indicating the data on the diu^cpu data bus is valid debug 
data. 


tim_cpo_de bug^valid 


1 


(n 


Stgnal Indicating the data on the m^cpu^data bus is valid debug 
data. 


scb_cpu_debug.valid 


1 


In 


Signal indicating the data on the scb_cpu^aata bus is valid debug 

data. 


pcu_q>u.deUjg.valid 


1 


In 


Signal indicating the data on the pcu_cpu_dafa bus Is valid debug 
data. 


fss.cptJjdebug.valEd 


1 


In 


Signal indicating tfie data on the tss^cpu data bus Is valid debug 
data. 


icu_cpu.debug.valld 


1 


In 


Signal indicating the data on the icu^cpu data bus is vaJld debua 
data. ^ 


gpio_cpu_debuo_valid 


1 


In 


Signal indicating the data on the gpio_cpu^data bus is valid debug"" 
data. 


cpr_cpu_debug_valid 


1 


In 


Signal indicating the data on the cpr cpu data bus Is valid debug 
data. * 


debug_data_out 


18 


Out 


Output debug data to be muxed on to the PHl/GPIO/other pins 


de bug_data_valid 


1 


Out 


Debug valid signal indicating ttie validity of tiie data on 
debug_data_out. This signal is used in all debug configurations 


debug^cntrl 


19 


Out 


Control signal for each PHI bound debug data line indicating 
whether or not tfie debug data should be selected by the pin mux 



As there are no spare pins that can be used to output the debug data to an external capture device some of 
the ousung UOs will have a debug multiplexer placed in front of them to allow them be used as debug 
puis. Unfortunately many of the pins on SoPEC cannot even be multiplexed in this fashion so it will not be 
possible to output a full 32-bit debug data word every cycle. The exact number of pins available for multi- 
plexing had yet to be finalised at the time of writing. This specification assumes 20 pins will be available 
but this can easily be revised up or, more likely, down. Furthermore not every pin that has a debug mux 
wj^lalways be available to carry the debug data as they may be engaged in their primary purpose e.g. as a 
GPIO pm. The RDU therefore outputs a debug_cnlrl signal with each debug data bit to indicate whether 
Ae mux associated with each debug pin should select the debug data or the normal data for the pin.The 
DebugPinSel is used to determine which of the 207 potential debug pins are enabled for debug at any par- 
ticular time. ^ ' *^ 

As it is not possible to output a ftill 32-bit debug word every cycle the RDU supports the outputting of an 
n-bit sub-word every cycle to the enabled debug pins. Each debug test would then need to be re-run a num- 
ber of tunes with a different portion of the debug word being output on the n-bit sub-word each time The 
data from each nm should then be correlated to create a full 32-bit (or whatever size is needed) debug 
word for every cycle. The debug_data_valid aadpclk_ou( signals will accompany every sub-word to allow 
ttie data to be sampled correctly. The pclk_out signal is sourced close to its output pad rather than in the 
RDU to mimmise the skew between the rising edge of the debug data signals (which should be registered 
close to their output pads) and the rising edge of pclk_out. 

As multiple debug nins will be needed to obtain a complete set of debug data the n-bit sub-word will need 
to contain a different bit pattern for each run. For maximum flexibility each debug pin has an associated 
DebugDataSrc register that allows any of the 32 bits of the debug data word to be output on that particular 
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debug data pin. The debug data pin must be enabled for debug operation by having its corresponding bit in 
the DebugPinSel register set for the selected debug data bit to appear on the pin. 

The size of the sub-word is determined by the number of enabled debug pins which is controlled by the 
DebugPinSel register. Note that the debug_data_valid signal is always output. Furthermore 
debugj:ntrl[OJ (which is configured by DebugPinSel [OJ) controls the mux for both the debug_data_vaM 
aiidpclk_out signals as both of these must be enabled for any debug operation. 

The mapping of debug_data^outfnJ signals onto individual pins will take place outside the RDU. When 
the exact mapping has been finalised it will be recorded here. A proposed mapping is shown in Table 26 
below. 



Table 26. Example DebugPinSel mapping 







0 


phLfrclk. The detxjgLcfata^valfd s\gna\ wiil 
appear on this pin when enat>Ied. Enabling this 
pin also automaticany enables the phLreadI pin 
which win output the pdKjout^nal 


1 


phi^profile 


2 


phUsynd 


3 


test pin 1 


4 


test pin2 


5-18 


0pio(0..,13] 



Table 27. RDU Conflguratlon Registers 













0x80 


DebugSrc 


4 


0x00 


Denotes which block is supplying the debug 
data. The encoding of this block is given below. 

0 - MMU 

1 - TIM 

2- LSS 

3- GPIO 

4- SCB 

5- lCU 

6- CPR 

7- DIU 

8- PCU 


0x84 


DebugPinSel 


19 


0x0.0000 


Detemnines whether a pin is used for debug data 
output. A provisional mapping of pin to bit posi- 
tk>n is given in Table 26. 
1 - Pin outputs debug data 
0 - Nornnal pin functk>n 


0x88 to OxCC 


OebugDataSrcN 


5 


0x00 


Selects which bit of the 32-bit debug data word 
will be outputted on debug_data_out(N] 



1 1 .9 Interrupt Operation 

The interrupt controller unit (sec chapter 14) generates an interrupt request by driving interrupt request 
lines with the appropriate interrupt level. LEON supports 15 levels of interrupt with level 15 as the highest 
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level (the SPARC architecture manual (32] states that level 1 5 is non-maskable but we have the freedom to 
mask this If desired). The CPU will begin processing an intermpt exception when execution of the cuncnt 
mstmction has completed and it will only do so if the interrupt level is higher than the current processor 
pnonty. If a second mtemipt request airives with the same level as an executing interrupt service routine 
then the exception will not be processed until the executing routine has completed. 
When an interrupt trap occurs the LEON hardware will place the program counters (PC and nPC) into two 
local registers. The interrupt handler routine is expected, as a minimum, to place the PSR register in 
another local register to ensure that the LEON can correcdy return to its pre-interrupt state. The 4-bit inter- 
net level (irO is also written to the trap type (tt) field of the TBR (Trap Base Register) by hardware. The 
TBR then contains the vector of the trap handler routine the processor will then jump. The TEA (Trap 
Base Address) field of the TBR must have a valid value before any intenupt processing can occur so it 
should be configured at an early stage. 

Interrupt pre-emption is supported while ET (Enable Traps) bit of the PSR is set This bit is cleared during 
the initial trap processmg. In initial simulations the ET bit was observed to be cleared for up to 30 cycles 
This causes significant additional intenupt latency in the worst case where a higher priority interrupt 
amves just as a lower priority one is takeiL 

The intermpt acknowledge cycles shown in Figure 24 below are derived from simulations of the LEON 
pro^ssor and accompanying interrupt controUer. This interrupt controller will be replaced by the ICU in 
the SoPEC design. The LEON signal names are used for fiiture reference. An interrupt is asserted by driv- 
ing Its (encoded) level on the iuUrl[3:0J signals. The LEON core responds to this, with variable timing by 
reflectmg the level of the taken interrupt on the iuoJrlfS. OJ signals and asserting the acknowledge si^ 
fi/orn/acfcThe interrupt controller then removes the interrupt level one cycle after it has seen the level been 
acknowledged by the core. If there is another pending interrupt (of lower priority) then this should be 
driven on iuUri[3:0J and the CPU will take that intenupt (the level 9 interrupt in the example below) once 
It has finished processing the higher priority interrupt. The iuo.irlf3:0J signals always reflect the level of 
the last taken interrupt, even when the CPU has finished processing all interrupts 



pclk 



iul.iriprO] | 0x0 | 



0x5 



0x0 I 



iuoJntack 



iui.irl[3:0] |^ 
iuo.lrip.O] 
iuoJntack 



0x9 



0x8 



OxA 



0x9 



Figure 24. Interrupt acknowledge cycles for a single and pending interrupts 



Doc: SoPEC^hardware.design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 99 



SoPEC : Hardware Design 



11.10 Boot Operation 

See section 17.2 for a description of the SoPEC boot operation. 

11-11 Software Debug 

Software debug mechanisms are discussed in the "SoPEC Software Debug" document {15]. 
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12 Serial Communications Block (SCB) 



12,1 Overview 



The Serial Communications Block (SCB) handles the movement of all data between the SoPEC and the 
host device (i.e. PC) and between master and slave SoPEC devices. The SCB consists of a USB LI device 
controller, an Inter-SoPEC Interface (ISI) and a DMA manager. A block diagram of the SCB is shown in 
Figure 25 below. The major blocks of the SCB, namely the ISI, USB and DMA manager, could be imple- 
mented as separate blocks but are integrated to take advantage of the performance gains and design simpli- 
fications that a tighter coupling allow. 



USB control 



SRAM 



4— ► 



USB 
Controller 



SRAM/ 
Regfile 



4— ► 



'si-^plO-doijt[1 :01 



isi,gpio_e[1 :0] 



gpioJsi_din[1 :0] 



ISI 



SCB 
Control 
Block & 
DMA 
Manager 



usb_clk 




usb_cpr_reset_n 

cpu_adr(n:2] 
cpu_dataout[31 :0J 
scb_cpu_data[31 :0] 

cpu_scb_seJ 
cpu_nwn 
cpu_acode[2:0J 
scb_cpu_rdy 
scb_cpu_b8rr 
dmajcujrq 
isi_k:u_trq 
usbjcu_irq 

scb_diu_wadr[21 :5] 
scb_diu_data[63:0] 
scb_diu_wreq 
dlu_scb_wack 
scb_diu_wvalid 



■> scb_cpu_debug_valld 



isi_cpr_resel__n 



Figure 25. Serial Communications Block 



prst_n 
pclk 



The USB Controller will be an imported piece of IP. There are many possible sources of this block but it is 
hkely that it will be supplied by the silicon vendor - all three current silicon vendor candidates will supply 
USB 1 . 1 controllers, although some of these have been sourced from a third party, • 

The SCB can be seen in the context of the overall SoPEC device in Figure 26 below 
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CPU sub-system 
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Figure 26. SoPEC toplevel block diagram 
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12.2 Definitions of I/Os 



Table 28. Serial Communlcatrons Block I/O 











Clocks and Resets 


prst_n 


1 


In 


System reset signal. Active low. 


pdk 


1 


In 


System dock. 


usb.dk 


1 


In 


aock for the USB controller blod<. 


l5Lcpr_roset_n 


1 


Out 


Signal from the ISI indicating that ISI activity has been detected 
while in sleep mode and so the chip should be reset Active low. 


usb_cpr_feset_n 


1 


Out 


Signal from the USB oontroller that a USB reset has occurred. 
Active low. 


CPU Interface 


cpu.adf(n:2] 


n-1 


In 


CPU address bus. Exact width is cunentJy TBD as It is dependent 
on the address maps of imported IP * 


cpu_dalaout[31:0] 


32 


In 


Shared write data bus from the CPU 


scb_cpu_data(3 1 H>J 


32 


Out 


Read data bus to the CPU 


cpu_rwn 




In 


Common read/hot*wrfte signal from the CPU 


cpu_fc[2:0] 




In 


CPU Function Code signals. 


cpu.8cb.sel 




In 


Block select from the CPU. When cpt/.sc&Lsa/ is high both cpu_adr 
and cpu_clataout are valid 


scb_cpu.fdy 




Out 


Ready signal to the CPU. When scb^cpu_fdy Is high It indicates the 
last cyde of the access. For a write cyde this means cpu_dataout 
has been registered by the SCB and for a read cyde this means the 
data on scb.cpuLda^ is vaild. 


scb_cpu.ben' 




Out 


Bus error signal to the CPU indicating an invalid access. 


scb_cpu_debugLvaDd 




Out 


Signal indicating that the data currently on scb_cpu_data is valid 
debug data 


Interrupt slgrrais 


dma_(cu_irq 




Out 


DMA interrupt signal to the interrupt controller t>k>ck. 


IsUcuJrq 




Out 


ISI intemipt signal to the intemjpt controller block. 


tisb_icujrq 




Out 


USB interrupt signal to the Intemjpt controUer block. 


DIU interface 


scb_diu_wad«t21 :5] 


17 


Out 


Write address bus to the OIU 


scb^dlu.dataI63:0] 


64 


Out 


Data bus to the DIU. 


scb_dlu_wreq 




Out 


Write request to the OIU 


dlu_scb_wack 




In 


Acknowledge from the DIU that the write request was accepted. 


scb.dhj.vAAlid 




Out 


Signal from the SCB to the DiU indicating that the data cun'entiy on 
the scb_dlu_data(63K)] bus is valid 


GPIO Interface 


fei_flpio.doutfl:01 


2 


Out 


ISI output data to GPIO pins 


isi_flplo_e[1 :0] 


2 


Out 


ISI output enable to OPIO pins 


gpioJsLdin(1:0) 


2 


In 


Input data from GPIO pins to ISI 
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I 12.3 MULTI-SOPEC SYSTEMS 

While single SoPEC systems are expected to form the majority of SoPEC systems the SoPEC device must 
also si4)port its use in multi-SoPEC systems such as that shown in Figure 27 below, A SoPEC may be 
assigned any one of a number of identities in a multi-SoPEC system, A SoPEC may be one or more of a 
PrintMaster. a LineSyncMaster, an ISIMastcr, a StoragcSoPEC or an ISISIave SoPEC 



replaceable 
Ink cartridge 




prfnthead assembly 



Figure 27. A3 duplex system featuring four printing'soPECs wKh a singfe 

SoPEC DRAM device 



12.3.1 iSIMaster device 

The ISIMaster is the only device allowed to drive the common ISI line (see Figure 28) and interfaces 
directly with the host. In most systems the ISIMaster will simply be the SoPEC connected to the USB bus. 
Future systems, however, may employ an ISI-Bridge chip to interface between the host and the ISI bus and 
in such systems the ISI-Bridge chip will be the ISIMaster. There can only be one ISIMaster on an ISI bus. 

12.3.2 PrintMaster device 

The PrintMaster device is responsible for co-ordinating all aspects of the print operation. This includes 
starting the print operation in all printing SoPECs and communicating status back to the host. When the 
ISIMaster is a SoPEC device it is also likely to be the PrintMaster as well. There may only be one Print- 
Master in a system and it is most likely to be a SoPEC device. 
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12.3.3 LineSyncMaster device 

The LineSyncMaster device generates the Isync pulse that all SoPECs in the system must synchronize 
their line outputs with. Any SoPEC in the system could act as a LineSyncMaster although the FrintMaster 
is probably the most likely candidate. It is possible that the LineSyncMaster may not be a SoPEC device at 
all - it could, for example, come from some OEM motor control circuitry. There may only be one LineSyn- 
cMaster in a system. 

12.3.4 Storage device 

For certain printer types it may be realistic to use one SoPEC as a storage device without using its print 
engine capability - that is to effectively use it as an ISI-attached DRAM. A storage SoPEC would receive 
data from the ISIMaster (most likely to be an ISf-Bridge chip) and then distribute it to the other SoPECs as 
required. No other type of data flow (e.g. ISISIave -> storage SoPEC -> ISISlave) would need to be siq)- 
ported in such a scenario. The SCB supports this functionality at no additional cost because the CPU han- 
dles the task of transferring outbound data from the embedded DRAM to the ISI transmit buffer. The CPU 
in a storage SoPEC will have almost nothing else to do. 

12.3.5 ISISIave device 

Multi-SoPEC systems will contain one or more ISISIave SoPECs. An ISISIave SoPEC is primarily used to 
generate dot data for the printhead IC it is driving. 

12.3.6 ISI-Bridge device 

SoPEC is targeted at the low-cost small office / home office (SoHo) market. It may also be used in future 
systems that target different market segments which are likely to have a high speed interface capability. A 
future device, known as an ISI-Bridge chip, is envisaged which will feature both a high speed interface 
(such as USB2.0, Ethernet or IEEE1394) and one or more ISI interfaces. The use of multiple ISI buses 
would allow the construction of independent print systems within the one printer. The ISI-Bridge would be 
the ISIMaster for each of the ISI buses it interfaces to. 

12.3.7 Host device 

The host device will invariably be, but is not required to be, a PC. Any device that can act as a USB host or 
that can interface to an ISI-Bridge chip could be the host device. In particular, with the development of 
USB On-The-Go (USB OTG). it is possible that a number of USB OTG enabled products such as PDAs or 
digital cameras will be able to directly interface with a SoPEC printer. 

12.4 Types OF COMMUNICATION 

12.4.1 Communications with host 

The host communicates directly with the ISIMaster in order to print pages. When the ISIMaster is a 
SoPEC, the communications channel is USB 1.1, 

12.4, 1. i Host to ISIMaster communication 

The host will need to communicate the following information to the ISIMaster device: 

• Communications channel configuration and maintenance information 

• AU data destined for PrintMaster, ISISIave or storage SoPEC devices. This data is simply relayed by 
the ISIMaster 

* Mapping of virtual conmiuni cations channels, such as USB endpoints, to ISI destination 
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12.4.1.2 iSIMaster to host communication 

The ISlMaster will need to communicate the following information to the host: 

• Communications channel configuration and maintenance information 

• All data originating from the PrintMaster, ISISlave or storage SoPEC devices and destined for the host. 
This data is simply relayed by the ISlMaster 



12.4. 1.3 Host to PrintMaster communication 

The host will need to communicate the following information to the PrintMaster device: 

• Program code for the PrintMaster 

• Compressed page data for the PrintMaster 

• Control messages to the PrintMaster 

• Tables and static data required for printing e.g. dead nozzle tables, dither matrices etc. 

• Authenticatable messages to upgrade the printer's capabilities 



1Z4. 1.4 PrintMaster to host communication 

The PrintMaster will need to communicate the following information to the host: 

• Printer status information (i.e. authentication results, paper emptyjjammed etc.) 

• Dead nozzle information 

• Memory buffer status information 

• Power management status 

• Encrypted SoPEC Jd for use in the generation of PRINTER_QA keys during factory programming 

12.4.1.5 Host to iSiSfave communication 

All communication between the host and ISISlave SoPEC devices must take place via the ISlMaster. In 
the case of a SoPEC ISlMaster it is possible to configure each individual USB end^int to act as a control 
channel to an ISISlave SoPEC if desired, although the endpoints will be more usually used to transport 
data. The host will need to communicate the following information to ISISlave devices over the comms/ 
ISI: 

• Program code for ISISlave SoPEC devices 

• Compressed page data for ISISlave SoPEC devices 

• Control messages to the ISISlave SoPEC (where a control channel is supported) 

• Tables and static data required for printing e.g. dead nozzle tables, dither matrices etc. 

• Authenticatable messages to upgrade the printer's capabilities 



12.4.1.6 iSiSiave to host communication 

All communication between the ISISlave SoPEC devices and the host must take place via the ISlMaster. 
The ISISlave will need to communicate the following information to the host over the comms/ISl: 

• Responses to the host's control messages (where a control channel is supported) 

• Dead nozzle infonnation from the ISISlave SoPEC. 

• Encrypted SoPEC Jd for use in the generation of PRINTER_Q A keys during factory programming 
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12.4.2 



Communication over ISI 



i 2.4.2.1 ISlMaster to PrintMaster communication 



The ISlMaster and PrintMaster will often be the same physical device. When they are different devices 
then the following information needs to be exchanged over the ISI: 

• All data from the host destined for the PrintMaster (see section 12.4,1.3). This data is simply relayed 
by the ISlMaster 



The ISlMaster and PrintMaster will often be the same physical device. When they arc different devices 
then the following information needs to be ^changed over the ISI: 

• All data from the PrintMaster destined for the host (see section 12.4.1 .4). This data is simply relayed 
by the ISlMaster 



The ISlMaster may wish to communicate the following information to the ISISlaves: 

• All data (including program code such as ISIId enumeration) originating from the host and destined for 
the ISISlave (see section 12,4.1.5). This data is simply relayed by the ISlMaster 

• wake up from sleep mode 



The ISISlave may wish to communicate the following information to the ISlMaster: 
• All data originating from the ISISlave and destined for the host (see section 12.4.1.6). This data is sim- 
ply relayed by the ISlMaster 



When the PrintMaster is not the ISlMaster all ISI communication is done in response to ISI ping packets 
(see 12.6.4.5). When the PrintMaster is the ISlMaster then it will of course communicate directly with 
the ISISlaves. The PrintMaster SoPEC may wish to communicate the following infomiadon to the ISISla- 
ves: 

• Ink status e.g. requests for dotCount data i.e. the number of dots in each color fired by the prinlhcads 
connected to the ISISlaves 

• configuration of GPIO ports e.g. for clutch control and lid open detect 

• power down command telling the ISISlave to enter sleep mode 

• ink cartridge fail infonnation 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

In geneial the PrintMaster may need to be able to: 

• send messages to an ISISlave which will cause the ISISlave to return the contents of ISISlave registers 
to the PrintMaster or 

• to program ISISlave registers with values sent by the PrintMaster 



1Z4.2.2 PrintMaster to ISlMaster communication 



12.4.2.3 ISlMaster to ISISlave communication 



12.4.2.4 ISISlave to ISlMaster communication 



12,4,2.5 PrintMaster to ISISlave communication 



This should be under the control of software running on the CPU which writes messages to the ISI/SCB 
interface. 
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i 2.4.2.6 ISISIave to PhntMaster communication 

ISISIaves may need to commuiucate the following infonnatioD to the PrintMaster: 

• ink status e.g. dotCount data i.e. the number of dots in each color fired by the printheads connected to 
the ISISIaves 

• band related information e.g. finished band interrupts 

• page related information i.e.buffer undenun, page finished interrupts 

• MMU security violation interrupts 

• GPIO interrupts and status e.g. clutch control and lid open detect 

• printhead temperature 

• printhead dead nozzle information from SoPEC printhead nozzle tests 

• power management status 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

As the ISI is an insecure interface commands issued over the ISI should be of limited capability e.g. only 
limited register writes allowed. The software protocol needs to be constructed with this in mind. In general 
ISISIaves may need to return register or status messages to the Prin^aster or ISIMaster. They may also 
need to indicate to the PrintMaster or ISIMaster that a particular interrupt has occurred on the ISISIave. 
This should be under the control of software running on the CPU which writes messages to the ISI block. 

i 2.4.2.7 iSiSiave to iSiSiave communication 

It is currently not anticipated that there will be any direct communication between ISISIave SoPECs. How- 
ever they can communicate indirectiy via the ISIMaster SoPEC. The most Ukely scenario for such a com- 
munication mechanism when the PrintMaster is not the ISIMaster (see sections 12.4,2,5 and 12.4.2.6 for a 
description of the information exchanged between a PrintMaster and an ISISIave). ISISIave to ISISIave 
communication would also be required when sending data stored in a storage SoPEC device to an 
ISISIave. 



12.5 USB 

The USB 1 . 1 interface for the printer should consist of the USB cotmector, the necessary discretes for USB 
signalling and the SoPEC device. A SoPEC printer will act as a self-powered, fldl-speed device and 
SoPEC itself will not draw any power from the USB cable. It will support control and bulk transfers. 
Interrupt transfers are not considered necessary because the required intemipt-typc functionality can be 
achieved by sending query messages over the control channel on a scheduled basis. There is no require- 
ment to support either isochronous or low-speed transfers. The USB controller must support at least 5 
USB endpornts: a control endpoint (endpoint 0) and 4 bulk-data type endpoints. These 4 bulk-data type 
endpoints can be used for the transfer of any type of data: compressed page data, program data or control 
rnessages. They may also be mapped on to any target destination in a multi-SoPEC system i.e. configura- 
tion is completely programmable. They are envisaged as always being used as USB IN endpoints i.e. they 
will transport data finom the host to SoPEC. Any feedback data (e.g. status information) will be returned to 
the host on the control channel (enc^oint 0). 

The USB device enumeration process will be handled by the SoPEC CPU and USB controller. Note that 
this requires the on-chip ROM to contain all the required USB driver code. This is not expected to be the 
full USB driver but rather a "USB-lite" driver that has sufficient functionality to download a procram to 
DRAM. 

Details of the configuration registers and interface signals will be provided when the implementation IP 
for the USB controller core has been selected. There are several potential candidates for the USBl. 1 con- 
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trollcr that are being evaluated in terms of cost, maturity, licensing requirements/restrictions, quality of 
deliverables etc. - as already mentioned the choice of silicon vendor is likely to play a laigc part in select- 
ing the USB controller. 

12.5.1 ISIMaster/ISiSlave Identification 

While the USB controller is used for data transfer if a SoPEC is an ISIMaster it may, in certain cases, also 
be used to transfer data to an ISISlave. If the USB is not used for data transfer the device will certainly be 
an ISISlave. In this case the USB pins could be used to identify the device as an ISISlave as the USB 
device controller is expected to allow the single-ended quiescent state of the USB pins to be read by the 
CPU either directly or indirectly (as there should be a register indicating whether the USB controller is 
operating as a full-speed or low-speed device). We adopt the convention that an ISIMaster SoPEC has its 
USB pins configured for full-speed operahon (i.e. a pull-up resistor on D+) and an ISISlave SoPEC has its 
USB pins configured for low-speed operation (i.e. a pull-up resistor on D-). This allows the ROM boot- 
code to quickly determine whether the SoPEC is an ISIMaster or ISISlave without needing to wait for 
USB activity. While the ISISlave SoPEC's USB controller believes it is a low-speed device it is never used 
and may be disabled completely (if possible) once the device has been identified as an ISISlave. Note that 
other combinations on the D+ and D- lines may result in unreliable operation of the USB controller. 

The SoPECs identity as an ISIMaster or ISISlave may also be determined from USB or ISI activity. If 
activity is seen on USB endpoints 2-4 then the device is an ISIMaster (note that it is not neccessarily an 
ISIMaster if activity is only seen on endpoints 0 or 1) and the ISI may automatically configure itself as an 
ISIMaster in this situation. If die ISI receives ping packets then it is an ISISlave as only the ISIMaster can 
send ping packets. 

The most suitable ISIMaster/ISISlave identification scheme (i.e. use of USB pins or looking for USB/ISI 
activity) can be chosen by the software for any given printer. 

12.5.2 Wake-up from sleep mode 

The SoPEC will be placed in sleep mode after a suspend command is received by the USB controller. The 
extent of power-down in sleep mode is currently TBD (different silicon vendors offer different options) 
but it is expected to involve the loss of DRAM contents at a minimum. The USB controller (or portions of 
it) will continue to be powered and clocked in sleep mode. It is likely that a USB reset, as opposed to a 
device resume, will be required to bring SoPEC out of its sleep state as the sleep state is hoped to be logi- 
cally equivalent to the power down state. The exact reawakening mechanism will be finalised when the 
sleep state is more precisely defined and the particular implementation of the USB controller is chosen. 

The USB reset signal originating from the USB controller will be propagated to the CPR (as 
usb_cpr_reset_n) if the USBWakeupEnable bit of the WakeupEnable register (see Table 38) has been set. 
The USBWakeupEnable bit should therefore be set just prior to entering sleep mode. 

There are no conditions that require the SoPEC to initiate a USB device wake-up (i.e. where SoPEC sig- 
nals resimie to the host after being suspended by the host). 

12.5.3 USB Speed 

The USB speed will be determined by amount of activity from other devices that share the USB bus with 
the printer and the responsiveness of the host in handling USB interrupts. To guarantee bandwidth to the 
printer it is recommended that no other devices are active on the USB bus between the printer and the host. 
If the printer is connected to a USB2.0 host or hub it may limit the bandwidth available to other devices 
coimected to the same hub but it would not significantly affect the bandwidth available to other devices 
upstream of the hub. Used in the recommended configuration it is expected that an effective bandwidth of 
8-9 Mbit/s will be achieved. 
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12,6 ISI (Inter SoPEC Interface) 

The ISI is utilised in all system configurations requiring more than one SoPEC, An example of such a sys- 
tem which requires four SoPECs for duplex A3 printing and an additional SoPEC used as a storage device 
is shown in Figure 27. 

The ISI perfonns much the same function between an ISISlave SoPEC and the ISIMastcr as the USB con- 
nection performs between the ISIMaster and the host. This includes the transfer of all program data, com- 
pressed page data and message (i.e. commands or status infonnation) passing between the ISIMaster and 
the ISISlave SoPECs. Existing requirements indicate that it is sufficient for the ISIMaster to initiate all 
commimication with the ISISlaves. 

12.6.1 ISIMaster/ISISIave identification and ISISlave enumeration 

Section 12,5.1 details how a SoPEC is configured as an ISIMaster or ISISlave. The ISlId is established by 
software downloaded over the ISI (in broadcast mode) which looks at the input levels on a number of 
GPIO pins to determine the ISIId For any given printer that uses a multi-SoPEC configuration it is 
expected that there will always be enough free GPIO pins on the ISISlaves to support this enumeration 
mechanism. 

12.6.2 Wake-up from sleep mode 

Either the PrintMaster SoPEC or the host may place any of the ISISlave SoPECs in sleep mode prior to 
going into sleep mode itself. The ISISlave device should then ensure that its ISIWakeupEnable bit of the 
WakeupEnable register (see Table 38) is set prior to entering sleep mode. In an ISISlave device the ISI 
block will continue to receive power and clock during sleep mode so that it may monitor the gpio_isi^din 
lines for activity. When ISI activity is detected during sleep mode and the ISIWakeupEnable bit is set the 
ISI asserts the isi_cpr_reset_n signal. This will bring the rest of the chip out of sleep mode by means of a 
wakeup reset. See chapter 16 for more details of reset propagation. 

12.6.3 ISi speed 

The ISI will need to run at speed that will allow error free transmission on the PCB while minimising the 
buffering and hardware requirements on SoPEC. While an ISI speed of 10 Mbit/s is adequate to match the 
effective USBl.l bandwidth it would limit the system performance when a high-speed connection (e.g. 
USB2.0, 1EEE1394) is used to attach the printer to the PC. Although they would require the use of an extra 
ISI-Bridge chip such systems are envisaged for more expensive printers (compared to the low-cost basic 
SoPEC powered printers that are initially being targeted) in the future. 

An ISl line speed (i.e. the speed of each individual ISI wire) of 32 Mbit/s is therefore proposed as it will 
allow ISI data to be oversampled 5 times (at apc/Ar frequency of 160MH2). The total bandwidth of the ISI 
will depend on the number of pins used to implement the interface. The current expectation is that two 
pins will be used, giving a peak raw bandwidth of 64 Mbit/s, and this is the scenario that is used in this 
document. However the ISI protocol will work equally well if four pins are used for transmission/recep- 
tion and this would give a peak raw bandwidth of 128 Mbit/s. The number of pins available for the ISI is 
currenUy under investigation as part of the package selection process. With either a two or four pin ISI 
solution a 32 Mbit/s line speed would allow the movement of data in to and out of a storage SoPEC (as 
described in 12.3.4 above), which is the most bandwidth hungry ISI use, in a timely fashion. 

The maximum effective bandwidth of a two wire ISI, after allowing for protocol overheads and bus turn- 
around times, is expected to be ^prox. 50 Mbit/s. 
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12.6.4 ISI protocol 



The ISI is a serial interface utilizing a two wire half-di^>lcx configuration as shown in Figure 28 below. An 
ISIMaster must always be present and up to 14 ISISlavcs may also be on the ISI bus. The ISI bus enables 
broadcasting of data, ISIMaster to ISISlave communication, ISISlave to ISIMaster conununication and 
ISISIave to ISISlave communication. Flow control, error detection and retransmission of errored packets is 
also supported. ISI transmission is asynchronous and a Start field is present in every transmitted packet to 
ensure synchronization for the duration of the packet. Bit-stuffing is required as it is expected that synchro- 
nization cannot be guaranteed for the length of the longest allowed packet^ Open Issue: This should be 
coniinned with the spec of the crystal used with SoPEC. We may wish to constrain the spec of xtalin and 
also xtalin for the ISI-Bridge chip to ensure the ISI cannot drift out of sync during packet reception. 
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Figure 28. ISI configuration with four SoPEC devices 

To maximize the effective ISI bandwidth while minimising pin requirements a two wire half-duplex inter- 
leaved transmission scheme is used. Figure 29 below shows how a 16-bit word is transmitted from an ISI- 
Master to an ISISIave. Data is interleaved on a bit-by-bit basis over the two ISI lines and this requires all 
ISI packets to be an even number of bits in length. This interleaving could easily be extended to four pins 
if required. 

All ISI transactions are initiated by the ISIMaster and every non-broadcast data packet needs to be 
acknowledged by the addressed recipient. An ISISIave may only transmit when it receives a ping packet 
(see section 12.6.4.5) addressed to it. To avoid bus contention all ISI devices must wait one bit-time (5 pclk 
cycles) after detecting the end of a packet before transmitting a packet (assuming they are required to 
transmit). All non-transmining ISI devices must tristate their Tx drivers to avoid line contention. A pull-up 
resistor is therefore required on both ISI lines to reduce the possibility of false data detection. The ISI pro- 
tocol is defined to avoid devices driving out of order (e.g. when an ISISIave is no longer being addressed). 
As the ISI will use standard I/O pads there will be no physical collision detection mechanism. 



1. Current max packet size -= 290 bits = 145 bits per line (on a 2 wire ISI) » 725 I6OMH2 cycles. Thus the pclks in the two communicat- 
ing ISI devices should not drift by more than one cycle in 725 i.e. 1379 ppm. Careful analysis of the crystal, PLL and oscillator specs 
and the sync detection circuit is needed here to ensure our solution is robust 
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Figure 29. Half-duplex Interleaved transmission from ISIMaster to ISISIave 

There are three types of ISI packet: a long packet (used for data transmission), a ping packet (used by the 
ISIMaster to prompt ISISlaves for packets) and a short packet (used to acknowledge receipt of a pacl^t). 
All ISI packets are delineated by a Start and Stop fields and transmission is atomic i.e. an ISi packet may 
not be split or halted once transmission has started. 



12,6,4. 1 ISI transactions 



The different types of ISI transactions are outlined in Figure 30 below. As described later all NAKs are 
inferred and ACKs are not addressed to any particular ISI device. 



ISIMaster 



ISISIave A 



ISISIave B 




Transaction 1: Long packet to an addressed ISISIave 



ISIMaster 



rSISIave A 



ISISIave B 




Transaction 2: Ping packet to an addressed ISISIave. ISISIave has nothing to send 
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ISISIaveB and ISISlaveB responds with an ACK or NAK. 
ISIMaster ISISIave A 















4 " 



ISISIave B 



addressed ISISIave. ISISIaveA responds with a lone packet to 
the ISIMaster and the ISIMaster responds with an ACK or NAK. 

Figure 30. iSI transactions 

12.6.4.2 Start field description and bit stuWng 

mI^T. ^^^'^ puiposes: To allow the start of a packet be unambiguously identified and to 

c/ JTfi ""^^i*^^" synchronise to the data stream. The symbol, or data value, used to identify a 
Zl f "^T '^S'^'"*"''y °^<=»'- in «ns"iig packet. Bit stuffing is used to guarantee that the Steit 
symbol w,U be unique xn any valid (i.e. error free) packet ITie Start symbol sholld therefore be suffi- 
c.enUy long to ensure that die bit stuffing overhead is low but should stiU be short enough to reduce its own 
T^^iT^^. the packet oveHiead A Star, bit length of 8 bits is therefo.^ used as it is an effective com- 

SZSsuiTbm fc" ° '^^ ''^ ""''^ ^ •"''^ •'^^ ^" p--*- 

If the correct symbol value is used bit stuffing offers the turther advantage of forcing transitions on the ISI 
^.T^^V "^J "^'^^^yf chronization be maintained. Unfortunately a s^bol valuf that is fo/forcl 
Z^ T^ Ce-g. 0x00) .s not good for guaranteeing initial synchronization and vice versa i.e. a symbol 
such as OxAA would ensure initial synchronization but cannot prevent synchronization being lost if aTong 
mr ofzeroes or ones IS subsequently transmitted. «j.ni«iong 

ShlTvrf f f """' ^'""1 '^^^ "yP^^ °f bit stuffing are used. 

Whenever OxAA « encountered in the data stream a 0 is inserted before the msb resulting L the 9-bit 
value 0xl2A (,.e. blOlOlOlO -> blOOlOlOlO). To ensure transitions occur during a long tun of zeroes a I 
IS mserted after 7 zeroes thus 0x00 becomes 0x080 (i.e. bOOOOOOOO -> bOlOOOOOOO). Likewise to ensure 
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15 



toi^tioiis will occur during a run of ones a 0 is inserted after 7 ones and so OxFF becomes Oxl7F (i e 
bl 11 1 1 1 1 1 -> blOl 1 11 1 1 1). The receiving ISI device must detect these special values and strip out the 
uiserted ones and zeroes. 

Note that any violation of bit stuffing wUl result in the FrameError status bit being set and the incoming 
packet will be treated as an errored packet. Furthermore if the Start field is not received as OxAA the 
FrameError status bit is set and incoming data is discarded until a correct Start field is detected. 
In a truly random data such a bit stuffing scheme could cause an overhead of approx. 0.15% While the 
data transmitted over the ISI will not be truly random (0x00 and OxFF are likely to occur more often than 
they would m a random data set) the overhead should remain low and will never exceed 1 1.1% fi e 1 in 
every 9 bits). " 

12.6.4.3 Stop fieiti description 

A 2-bit Stop field (= bl 1) is used to ensure that both lines return to the high state before the next packet is 
transnutted. Two bits are required because Ae Stop field will be interleaved over both ISI lines (4 bits 
would be used m a 4 wire ISQ. The Stop field is not subject to bit stuflBng because bit stuffing could result 
m the final transmitted bit being a 0 on one of the ISI lines. 

12.6.4.4 ISI long packet description 

The foimat of a long ISI packet is shown in Figure 31 below. Data may only be transfeixed between ISI 
devices usmg a long packet as both the short and ping packets have no payload field. Except in the case of 
a broadcast packet, the receiving ISI device will always reply to a long packet with either an cxpUcit ACK 
(no error detected in received packet) or an inferred NAK (an error was detected in the received packet) 



4 bits 1 bit 




Start 


Pkt 
Desc 


Address 


Payload 


CRC 


Stop 



J. 



8 bits 3 bits 5 bits 



256 bits 



16 bits 2 bits 
Figure 31. ISI long packet 

All long packets begin with the Start field as described earUer. The PktDesc field is described in Table 29. 
Table 29. PktDesc field description 



Packet type indicator: 
1 - Short packet 

0 - Non-short (i.e. k>ng/ping) packet 
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Table 29. PktOesc field description 



Data paytoad present indicator 
1 - This packet contains payload {i.e. long packet) 
0 - This packet has no payload 



Sequence brt vaiue. Only vaikJ for fong packets. See section 12.6.4.8 tor a 
descriptfon of sequence bit operation 



Any ISI device in the system may transmit a long packet but only the rSIMaster may initiate an ISI trans- 
action using a long packet. An ISISIave may only send a long packet in reply to a ping message from the 
ISIMaster. A long packet from an ISISIave may be addressed to any ISI device in the system although the 
ISIMaster (or the PrintMaster if it is a different device) will be the usual recipient. 

Thc^Address field is straightforward and complies with the ISI naming convention described in section 

The payload field is exactly what is in the transmit buffer of the transmitting ISI device and gets copied 
into the receive buffer of the addressed ISI device(s). When present the payload field is always 256 bits. 
To ensure strong error detection a 16.bit CRC is appended. This CRC is calculated over the entire packet 
(excludmg the Start and Stop fields). The HDLC standard CRC.16 (i.e. G{x} +;r'^ + +/) is to be 
used for this calculation, which is to be performed serially. 

tZ6.4.5 ISI ping packet 

The ISI ping packet is used to allow ISISlaves transmit on the ISI bus. As can be seen from Figure 32 
below the pmg packet is cab be viewed as a special case of the long packet. In other words it is a long 
packet without any payload, whose PktDesc field is always bOOO and whose ISISubId is always 1 The 
ISISubId is unused m pmg packets because the ISIMaster is addressing the ISI device rather than one of 
^ channels in the device. The ISISIave may address any ISIId.ISISubId in response if it wishes 

I he ISISIave will respond to a ping packet with either an explicit ACK (if it has nothing to send) an 
iTxT^"^^ detected an error in the ping packet) or a long packet (containing the data it wish^ to 
send). Note that inferred NAKs do not result in the retransmission of a ping packet This is because the 
pmg packet will be retransmitted on a predetermined schedule (see 12.6.4.10 for more details) 



b2 



_bO 54 4^tS 1 bit ^. 



bOOO 
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Start 


Pkt 
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CRC 


Stop 
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8 bits 3 bits 5 bits 16 bits 2 bits 



Figure 32. ISI ping packet 

An ISISIave should never respond to a ping message to the broadcast ISIId as this must have been sent in 
eiTor. An ISI ping packet will never be sent in response to any packet and may only originate from an ISI- 
Master. 
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12. 6.4.6 iSi short packet description 

The ISI short packet is on! 
for the ACK symbol. As a 

u?/ Z w"' ' / "''f ^'^•^ P"*^"^' ^ and S«p symbok aU have fixed val- 

ues^ Short packets are only used for acknowledgements (i.e explicit ACKs). The format of a short ISI 
packet IS shown in Figure 33 below. 



The ISI short packet is only 14 bits long, including the 5rarr and ^-rop fields. A value of blOOl is proposed 
for the ACK symbol. As a 1 6-b.t CRC is inappropriate for such a short packet it is not used. In fa5 there is 

oniv one valid valn^^. for a 14_Ki> cit^w^ a/^v -.^^i,^-. . * - - _ . . la 



Start 


Ack 
Symbol 


Stop 


1 1 1 1 



8 bits 4 bits 2 bits 



Figure 33. Short ISJ packet 

12.6.4.7 Error detection and retransmission 

The 16-bit CRC will provide s high degree of error detection and the probabUity of transmission eirois 
oocurnng IS ve^ low as the transmission channel (i.e. PCB traces) will have a low inherent bit error rate. 

V^fr ' °f ""'^^'^^^V";*"^ A ^'-"P'* ^transmission mechanism frees 

the CPU from gettmg involved m error recoveiy for most errors because the probability of a transmission 
error occumng more than once in succession is very, very low in normal circumstances. 
After each non-diort ISI packet is transmitted the transmitting device will open a reply window The size 

iSS^H t, df ^fences) when a short packet is expected and 147 bit times (i.e. 290 bits 

^fn! {""ff^i^u ^'"^l^r^'^ ^*0"t «y «rors the receiving ISI device must transmit its acknowl- 
edge packet (whxch may be e,^er a long or short packet) before the reply window closes. When detected 
mors do occur the receivmg ISI device will not send any response. The transmitting ISI device interorets 
rteSl"^""^ " ll"^*" ^^^^ ^''^^ packet or S £ 

Z Z^nr/.TJ'' '"T" « '°°« P«=>^« transmitted the 

^smimng ISI device will keep the transmitted packet in its transmit buffer for retransmission. If the 
fa^ttmg device is the ISIMastcr it will retransmit the packet immediately while if the transmitting 
^.ce u, an ISISlave it will retransmit the packet in response to the next ping it\eceives from 

i^eivITTS u'" T^"^ "'transmitting the packet when it receives a NAK umil it either 

♦h!!^ • ■ »«^ber of retransmission attempts equals the value of the NumRetries register If 

fte transmission was unsuccessful then the transmitting device sets the TxErrvr bit in its /5/Sra«« register 

eZr^r^l'l\ '^"^ ^ ^^'^^ " ^^^^""^ ^^S""" ^^henever it detects NumRetries + 1 

^rlhf. f NumRetries registers in all ISI devices should therefore be set to the 

Xt rft^ir T'^^" '""^'^ transmission or reception of ping packets do not 

ftsisSn T Open issue: In the case of an ISI device receiving a packet in error from 

TJfr^l^ T '^•"«^'^r'« ^ reset if it subsequently receives an error free packet from any ISI 

device (which may not be the ISISlave that transmitted the errored packet). Thus the R;cEnvr operation is 
I'^ll T: i^.^'S''^^^'- 'SISlave transactions as these are the only ones where retrCLJsS wiU 
JioZTTak ^ ^^'^ ^"^^ * NumRetriesCount window which wouli 

then J 1 ° * T^'^'"^ *° If NumRetries is exceeded within this window 

men we have a RxEtror otherwise we can reset the count. 
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CPn * ''TS' "^"^ »° '«°P transmitting or receiving respectively. 

CPU intervention will be required to resolve the source of the problem and to restart the ISI ^mit or 

s^sr^e Jrp^iii^^^^ '""'^ ''''''''' ^"^^'^ - 

ISSot!?!!!?*^ ^^^""^ ^ ""^^^^ acknowledged to avoid contention on the common ISI lines. If an 

sSe?risr;^?„ t^^^^ ^^^^ ^^^^ ^^^^^ - 

12.S.4.B Sequence bit operation 

To ensure tiiat communication between transmitting and receiving ISI devices is coircctly ordered a 
s^uence bit is included m every long packet to keep both devices in step with each other. Sequence bits 
^ used fo*- short or pmg packets as they are not used for data transmission. In addition to the transmit- 
ted sequence bit all ISI devices keep two local sequence bits, one for each ISISubld. Furthermore each ISI 
device mamtams a transniit sequence bit for each ISIId and ISISubld it is in communication with For 
packets souTCcd from the host (via USB) the transmit sequence bit is contained in the relevant USBEPnD- 
^SS^Ru^n. / ^^J^"^^^ CPU *e ttansmit sequence bit is contained in the 

l^ lt^ T- 'l^ "T"^' ^" ^^""^"^ '° 0 ft is the Lponsi. 

bjhty of software to ensure that the sequence bits of the transmitting and receiving ISI devices a» cor- 
rectly imuahsed each tune a new source is selected for any ISHilSISubld channel. 

t^t'^T^.^''^ T ""V.Tt^ f hrotidc^xst and pmg packets. Each SoPEC may also ignore the sequence 
bit on either of '^s ISISubld cfcumels by setting the appropriate bit in the Se<p,encSask registel.^ 
sequence bit should be i^ored for ISISubld chamiels that will carry data that can originate fix>m more 
than one source and is self ordering e.g. control messages. 

A receiving ISI device will toggle its sequence bit addressed by the ISISubld only when the receiver is 
able to accept data and receives an error-free data packet addressed to it The transmitting ISI device will 

S!!hh "^^l *"* ^ ISIIdlSISubld channel only when it receives a valid ACKhandshake from 
tne aaoressed ISI device. 

Figure 34 shows the transihission of two long packets with the sequence bit in both the transmitting and 
m^3n r""' togghng from 0 to 1 and back to 0 again. The toggling operation will continue in tfiis 
manner m every subsequent transmission until an error condition is encountered. 
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ISI Device 
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1 ->o 
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1 1 ->0 







Figure 34. Successful transmission of two long packets with sequence bit toggling 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 117 



SoPEC : Hardware Design 



When the receiving ISI device detects an error in the transmitted long packet or is unable to accept the 
packet (because of full buflfcrs for example) it will not return any packet and it will not toggle its local 
sequence bit An example of this is depicted in Figure 35. The absence of any response prompts the trans- 
mittng device to retransmit the original (seq=0) packet. This time the packet is received without any errors 
(or buffer space may have been freed) so the receiving ISI device toggles its local sequence bit and 
responds with an ACK. The transmitting device then toggles its local sequence bit to a 1 upon correct 
receipt of the ACK. 



Transmitting 
ISI Device 



Receiving 
ISI Device 




Figure 35. Sequence bit operation with errored long packet 

However it is also possible for the ACK packet from the receiving ISI device to be corrupted and this see- 
nano is shown m Figure 36. In this case the receiving device toggles its local sequence bit to 1 when then 
long packet is received without error and replies with an ACK to the transmitting device. The transmitting 
device detects an error in the ACK packet and so will not change its local sequence bit. It then retransmits 
the seq«0 long packet When the receiving device finds that there is a mismatch between the transmitted 
wtqucnce bit and the expected (local) sequence bit is discards the long packet and replies with an ACK, 
When the transmitting ISI device correctly receives the ACK it updates its local sequence bit to a 1 , thus 
restonng synchronization. Note that when the SequenceMask bit for the addressed ISISubId is set then the 
retransmitted packet is not discarded and so a duplicate packet will be received. The data contained in the 
packet should be self-ordering and so the software handling these packets (most likely control messages) 
is expected to deal with this eventuality. 
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ISI Device 



Receiving 
ISI Device 




Figure 36. Sequence bit operation with ACK error 
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1Z6.4.9 Flow control 



' ' ^"T'^^r' '° '^"^^y ^ ^ as eifor in the received 

packet Because the SCB enjoys greater guaranteed bandwidth to DRAM than both the ISI and USB can 
supply flow control should not be required during normal operation. Any blockage on a DMA channel will 
soon result m the NumRetries value being exceeded and transmission to that DMA channel being halted 
Because flow control is treated in the same manner as an error in the received packet neither the transmit- 
ting nor the receiving ISI device will be able to differentiate the cause of a TxErmr or RxEmr. 

12.6.4.10 AutO'ping operation 

^n^^n^^ of the ISIMaster could send a ping packet by writing die appropriate header to the 
CPUISITxBuffCntrl register it is expected that all ping packets will be generated in the ISI itself TTie use 
of automatically generated ping packets ensures that ISISlaves will be given access to the ISI bus with a 
programmable muumum guaranteed frequency in addition to whenever it is idle. Five register facilitate 
^^/^T°,^'T"!'^c^ messages within the ISI: PingScheduleO. PingScheduUl. PingSchedule2. 

ISnbta Period and ISILocalPerfod. Auto-pinging can be enabled or disabled by writing to the AutoPin- 
g£«a*/c bit ofthe/S/Oifr/ register. ^ »^^^u^orm 

Each bit of the 14-bit PingScheduleN register conesponds to an ISIId that is used in the Addr^s field of 
the pmg packet and a 1 in the bit position indicates that a ping packet is to be generated for that ISUd. A 0 
in any bit p^iUon wiU ensure that no ping packet is generated for that ISIld. As ISISlaves may differ in 
their bandwidtii requirement (particularly if a storage SoPEC is present) three different PingSchedule reg- 

Jcf« ^ '^'^^''^ "P ^ ^'^'^ *e """nber of pings as another active 

ISISIave. When the ISIMaster is not sending long packets (sourced from either the CPU or USB in the 
t u ISIMaster) ISI ping packets will be transmitted according to the pattern given by the three 

frfif' 1 v"*!"**"- ^* ^ "^''^ of PingScheduleO register and work its way from 

sb through msb of each of the PingScheduleN TcgisUiTS. When the msb of PingSchedule2 is reached the 
icLrfSre^^tr ^'"sScheduleO and continues to cycle through each bit position of each Ping- 

S?^?^t^o^^nTf "Jf"*""'"^ '^'^ '^''^ P****""**! ^"^^ of packets in an ISIMaster 

f fo'w a"W-ping. Arbitration between the CPU and USB for access to the ISI is handled 

outside the ISI (see section 12.7.7) but arbitration between auto-ping packets and CPU/USB originating 
packets, which we will refer to as local packets, happens within the ISI. To ensure that local packets get 
pnonty whenever possible and that ping packets can have some guaranteed access to the ISI we use two 4- 
bit counters whose reload value is contained in the ISITotalPeriod and ISILocalPeriod registers. As we will 
^ JZ LZ^ transaction is initiated by the ISIMaster transmitting eitiier a long packet or a ping 
packet. The ISITotalPeriod counter is decremented for every ISI transaction when contention occurs (i e 
both a pmg and a local packet wish to transmit) while the ISILocalPeriod counter is decremented for every 
local packet that is transmitted. Neither counter is decremented by a retransmitted packet. 
The amount of guaranteed ISI bandwidth allocated to both local and ping packets is determined by the val- 
°£ M/Penorf and ISILocalPeriod registers. Local packets will always be given priority when 

the ISILocalPenod counter is non-zero. Ping packets will be given priority when the ISILocalPeriod 
counter is zero and the ISITotalPeriod counter is still non-zero. Both the ISITotalPeriod and ISILocalPe- 
rwrf counters are reloaded by the next local packet transmit request after the ISITotalPeriod counter has 
reached zcio. This reload policy minimises the maximum latency for ping packets at the expense of maxi- 
mum latency for local packets. 

Note that ping packets are quite likely to get more than their guaranteed bandwidth as they will be trans- 
mitted whenever the ISI bus is idle (i.e. no pending local packets) and so do not decrement either counter 
Local packets on the other hand will never get more than their guaranteed bandwidth because each local 
packet tTMismitted decrements both counters. The difference between the values of the ISITotalPeriod and 
'SiLocalPeriod reg isters determines the number of automatically generated ping packets that are guaran- 
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teed to be transmitted every ISITotalPenod number of ISI transactions. If the ISITotalPeriod and ISILo- 
calPeriod values are the same then the local packets will always get priority and could totally exclude ping 
packets if the CPU always has packets to send 

For example if ISITotalPeriod « OxC; ISILocalPeriod - 0x8; PingScheduleO = 0x07; PingSchedulel = 
0x06 and PingSchedule2 = 0x04 then four ping messages are guaranteed to be sent in every 12 ISI transac- 
tions. Furthermore ISIId3 will receive 3 times the number of ping packets as ISIdl and ISIId2 will receive 
twice as many as JSIdl. Thus over a period of 36 contended ISI transactions (allowing for two full rota- 
tions through the three PingScheduleN registers) when local packets are always pending 24 local packets 
will be sent, ISIdl will receive 2 ping packets, ISId2 will receive 4 pings and ISId3 will receive 6 ping 
packets. If local traffic is less frequent then the ping frequency will automatically adjust upwards to con- 
sume all idle ISI bandwidth. 

12.6.4. 11 ilSI Registers 

Table 30 below detaOs the ISI configuration registers. Note that some of these registers arc also used by 
I other blocks in the SCB. 



Table 30. ISI configuration registers 











0x00 


ISICntrl 


5 


0x2 


ISI Control register 


0x04 


ISIId 


4 


0x1 


ISIId for ihJs SoPEC. A value of 0 bidicates the 
device Is an ISIMaster. Note that the SoPEC resets 
to being an ISISIave and that OxF (the broadcast 
ISIId) is an illegal vafue and should not be written to 
this register. 


0x08 


NumRetries 


4 


0x02 


Number of retransmissions to attempt In response to 
a NAK before aborting a long packet transmission 


OxOC 


ISlPjngScheduleO 


14 


0x0000 


Denotes which ISI Ids will be receive ping packets. 
Note that bItO refers to ISIIdl, biti to ISIId2...bit13 to 
ISItd14. 


0x10 


ISIPtngSchedulel 


14 


0x0000 


As per PingSchedutaO 


0x14 


ISIPingSchedule2 


14 


0x0000 


As per PingScheduleO 


0x18 


ISITotalPeriod 


4 


OxF 


Reload value of the ISnbtalPeriod counter 


0x1 C 


ISILocalPeriod 


4 


OxF 


Reload value of the tSllu>calPeriod counter 


0x20 


ISIStatus 


6 


0x00 


ISI Status register. This register is Readonly. 


0x24 


ISiMask 


6 


0x00 


ISI Interrupt Mask register 


0x30 - 0x4C 


CPUISITxBuff 


32 


n/a 


32-byte CPUISI transmit buffer 


0x50 


CPUISITxBuffCntri 


13 


0x0000 


Control register for the CPUISI transmit buffer 


0x60 - 0x7C 


CPUISIRxBuff 


32 


n/a 


32-byte ISI receive buffer. This is the half of the dou- 
ble buffer that contains the oldest data. 


0x80 


iSlRxBuffOest 


1 


0x0 


Only one of the CPU and the DMA manager is 
allowed to empty the receive buffer at any time. 
1 » CPU will empty the receive buffer 
0 = DMA manager will empty the receive buffer 



12.6.4.11.1 ISf control register 

The ISICntrl register is described in Table 31 below. Note that the reset value of this register allows the 
SoPEC to automatically become an ISIMaster (AutoMasterEnable 1) if any USB packets are received on 
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endpomts 2-4 On becoming an ISIMaster the ISIfd register is set to 0. the TxEnable bit of the ISICntrl ree- 
ister IS set and any USB or CPU packets destined for other ISI devices are transmitted. The CPU can over- 
nde this capability at any time by clearing the AutoMasterEnable bit Automatic ping operation can only 
be enabled by the CPU as the reset values of the PingScheduleNmgisieTS are all 0 and neither IJMA chan- 
nel IS automatically configured. 

Table 31 . ISICntrl register 







EnabJes ISI transmission of long or ping packets. This is cleared by 
transmit errors and so needs to be restarted by the CPU. Note that 
ACKs may still be transmitted when this bit is 0. 
1 = Transmission enabled 
0 o Transmission disabled 


RxEnable 


1 


Enables ISI reception. This Is cleared by receive errors and so 
needs to be restarted by the CPU. 
1 = Reception enaWed 
0 ? Reception disabled 


AutoPing Enable 


2 


Enables auto-ping opetation 
1 3 auto-ptng enabled 
0 s auto-ping disabled 


AutoMasterEnable 


3 


Enabies the device to automattcaily become the ISIMaster if activ- 
ity is detected on USB endpoints2-4. 
1 = auto^master operation eruibted 
0 = auto-master operation disabled 



12.6.4.11.2 ISI status register 



The ISIStatus register is read-only to the CPU, Status bits are set by the relevant condition occurring and 
cleared by wnting to cither the TxEnable or JUEnable bits of the ISICntrl register or the CPUISITx- 

Buff: 

Table 32. ISIStatus register 









rramecrror 


0 


Framing error detected in the recerved packet. This can be caused 
by an incorrect Start or Stop field or by bit stuffing errors 


RxEnor 


1 


A CRC error or flow control condition was detected in NumRe- 
frwsfl successive packets (excluding ping packets) 


RxBuffFuIJ 


2 


There is no space remaining in the receive double buffer 


RxBuffOverflow 


3 


An oveiflow has occurred fn the ISI receive buffer and a packet had 
to be dropped. 


CPUISrrxBuffEmpty 


4 


The CPUlSrrxBuff Is empty 


TxError 


5 


Transmission error. Receiving ISI devk:e would not accept the 
transmitted packet Only set after NumRetries unsuccessful 
retransmissions (excluding ping packets). 
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S5 



12.6.4.1 1.3 iSI mask register 

An interrupt will be generated in an edge sensitive manner i.e the ISI will generate an isijcujrq pulse 
each time a status bit goes high and the corresponding bit of the ISiMask register is enabled. 

Tabre 33. ISIMask register 









hremetrronnt&i 


0 


(nterrupt enable mask bit for the RameError status bit 


RxErrortntEn 


1 


Interrupt enable mask bit (or the RxError status bit 


RxBuffFudlntEn 


2 


Intemipt enable mask bit for the RxBuffFull status bit 


RxBuffOverflowlntEn 


3 


Interrupt enable mask bit for the RxBuffOverflow status bit 


CPUISrrxBuffEmpty- 
IntEn 


4 


Interrupt enable mask bit for the CPUISrTxBuffEmpty status bit 


TxErrorfniEn 


5 


Interrupt enable mask bit for the TxError status bit 



12.6.4.11.4 CPUISITxBuffCntrl register 

The CPUISITxBuffCntrl register contains the header field for the packet in the CPUISI transmit buffer 
Writing to this buffer validates the contents of the CPUISI transmit buffer i.e. each time the CPU places a 
packet in the CPUISI transmit buffer it must write the packet header to this register to initiate its transfer in 
to the SCB transmit buffer (see section 12.7). Note that the CPU is lesponsible for toggling the sequence 
bit of any long packets it wishes to transmit. The CPUISrTxBuffEmpty status bit will be set when CPUTx- 
PktSae bytes have been transferred to the SCB transmit buffer. 

Table 34. CPUISITxBuffCntrl register 







KKtoesc 


2:0 


PktDesc field (as per Table 29) tor the packet curreniJy in the CPU- 
ISI transmit buffer. 


OestlSISubld 


3 


Indicates whteh DMAChannel of the target SoPEC the data in the 
CPUISI transmit buffer is destined for: 

0 = DMAChannelO 

1 =: DMAChannell 


OestlSlld 


7:4 


Denotes the ISIId of the target SoPEC as per Table 35 



12.7 SCB Mapping 



In order to support maximum flexibility when moving data through a muIti-SoPEC system it is possible to 
map any USB endpoint onto either DMAChannel within any SoPEC in the system. A logicai view of the 
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SCB is shown in Figure 37. This view difiFets from the likely implementation but it allows for a clearer 
depiction of data movement within the SCB. 



SCB 




USB 


^ — i— ► 


USB 

Controller 






SCB 


Host 








TxBuffer 



Figured?. SCB logical view 

The SCB map, and indeed the SCB itself is based around the concept of an ISIId and an ISISubld. Each 
SoPEC in the system has a unique ISIId and two ISISublds. namely ISISubldO and ISISubld 1. We use the 
convention that ISISubldO corresponds to DMAChannelO in each SoPEC and ISISubldl corresponds to 
DMAChannell. The naming convention for the ISfld is shown in Table 35 below and this would corre- 
spond to a muIti-SoPEC system such as that shown in Figure 27. We use the term ISIId instead of SoPE- 
Cld to avoid confiision with the unique ChipID used to create the SoPEC Jd and SoPECJd key (see 
chapter 17 and {9] for more details). - ^ v 

Table 35. ISIId naming convention 







0 


ISIMaster (typically a SoPEC connected to the host via USB1.1) 


1-14 


ISISlave1-14 


15 


Broadcast ISIId 



T-.xAA — oiiuw u;> w aaarcss any uiYiA^^nannei in tfte system. The ISI, 

DMA manager and SCB map hardware use the ISIId and ISISubld to handle the different data streams that 
are active m a multi-SoPEC system as does the software running on the CPU of each SoPEC. In this docu- 
ment we will identify DMAChannels as ISIx,y where x is the ISIId and y is the ISISubld, Thus ISI2.1 
refers to DMAChannell of ISISIave2. Any data sent to a broadcast channel, i.e. ISI 15.0 or ISI 15 1. are 
received by every ISI device in the system including the ISIMaster (which may be an ISI-Btidge). 
The USB controller and software stacks however have no understanding of the ISIId and ISISubld but the 
Silverbrook printer driver software running on the host PC does make use of the ISIId and ISISubld. USB 
is simply used as a data transport - the mapping of USB endpoints onto ISIId and SubId is communicated 
from the host PC Silverbrook code to the SoPEC Silverbrook code through USB control (or possibly bulk 
data) messages i.e. the mapping information is simply data payload as far as USB is concerned. The code 
runmng on SoPEC is responsible for parsing these messages and configuring the SCB accordingly. 
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The use of just two DMAChanncls places some limitations on what can be achieved without software 
intetvention. For SoPEC in the system there are more potential sources of data than there an; sinks 
For example an ISISlave could receive both control and data messages from the ISIMaster SoPEC in addi- 
tion to confrol and data from the host, either specifically addressed to that particular ISISlave or over the 
broadcast ISI channel. However all ISISlaves only have two possible data sinks, i.e. the two DMAChan- 
nels. Another example is the ISIMaster in a multi-SoPEC system which may receive control messages 
from each SoPEC m addition to control and data information from the host (e.g. over USB) In this case all 
ofthe control messages are in contention for access to DMAChannelO. We resolve these potenhaPconflicts 
by adopting the following conventions: 

^^^k!?!"!?!!. "*"^8es may be interleaved in a memory buffer: The memoiy buffer that the 
DMAChannelO points to should be regarded as a central pool of control messages. Every control 
message must contain fields that identify the size ofthe message, the source and die destination of 
the control message. Control messages may therefore be multiplexed over a DMAChannel which 
allows several control message sources to address the same DMAChannel. Furthermore if SoPEC- 
type control messages contain source and destination fields it is possible for the host to send control 
messages to mdividual SoPECs over the ISI 15.0 broadcast channel. 

2 ) Data messages should not be interleaved in a memory buffer: As data messages are typically 
part of a much larger block of data that is being transferred it is not possible to control their contente 
m aie same manner as is possible with the control messages. Furthermore we do not want the CPU 
to have to perform reassembly of data blocks. Data messages from different souroes cannot be inter- 
leaved over the same DMAChannel - the SCB map must be reconfigured each time a different data 
source IS given access to the DMAChannel. 

3) Every reconfiguration ofthe SCB map requires the exchange of control messages: The only 
active see map in a multi-SoPEC system is the SCB map in the ISIMaster as all ISISlaves auto- 
matically send data addressed to themselves to either DMAChannelO or 1 i.e. the ISI is the only 
source of mcoming data in an ISISlave. The ISIMaster's SCB map reset state is shown in Figure 39 
and any subsequent modifications require the exchange of control messages between the ISIMaster 
and the host As the host is expected to control the movement of data in any SoPEC system it is 
anticipated that all changes to the SCB map will be performed in response to a request from the 
hO|t. While the ISIMaster could autonomously reconfigure the SCB map (this is entirely up to the 
software running on the ISIMaster) it should not do so without informing the host in order to avoid 
data being misrouted. 

An example of the above conventions in operation is worked through in section 1 2.7.2. 
12.7.1 Host PC to ISIMaster SoPEC communication 

When considering SCB map configuiations we always assume that the ISIMaster is a SoPEC device in 
pamcuJar Uie SoPEC connected to the USB bus (and receiving data on USB endpoint 2, 3 or 4), rather than 

^f™»"^\ ^ J^^^'' ''^^^ ^'■'^^y '° ^^""^ s°=>ethin8 siniilar to an SCB map and the following 
information should broadly apply to an ISI-Bridge but we focus here on an ISIMaster SoPEC for clarity. 

As the ISIMaster SoPEC represents the printer on the USB bus it is required by the USB specification to 
have a dedicated control endpoint. EPO. At boot time the ISIMaster SoPEC will also require a bulk data 
endpoint to facilitate the transfer of program code from the host PC. The simplest SCB map configuration 
i.e. for a single stand-alone SoPEC. is sufficient for host to ISIMaster SoPEC communication and is shov«l 
fi« , : u '=°'^g^ation all USB control information exchanged between the host and SoPEC 
r^rTx^^ ."^i"^ 'v '"^y bidirectional USB endpoint). SoPEC specific control information (printer sta- 
tus, DNC mfo etc.) is also exchanged over EPO. 

All packets sent to the host from SoPEC over EPO must be written into the EPO FIFO by the CPU All 
packets sent from the host to SoPEC can be placed in DRAM by the DMA Manager (as is usually the 
case) or read directly by the CPU. This asymmetry is because in a multi-SoPEC environment the CPU will 
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J3 



need to examine all incoming control messages (i.e. messages that have arrived over DMAChaimelO) to 
ascertain their source and destination (i.e. they could be from an ISISlavc and destined for the host) and so 
the aAhtional overhead in having the CPU move the short control messages to the EPO FIFO is relatively 
amalL Furthermore we wish to avoid making the SCB more complicated than necessary, particularly when 
tnere is no sigmficant performance gain to be had as the control traffic will be relatively low bandwidth. 
Sji5i'l2 4HI^*°" appropriate for the types of communication outlined in sections 12.4.1.1 
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Figure 38. Single SoPEC SCB map configuration and datefiow 

12.7.2 Broadcast communication 

An SCB configuration for broadcast communication is shown in Figure 39. This particular configuration is 
also the default, post power-on reset, configuration for the ISIMaster SoPEC. USB endpoints EP2 and EP3 
are mapped onto ISISublDO and ISISubldl of ISIIdlS (the broadcast ISIId chamiel). EPO is used for con. 
trol messages as before and EPl is a bulk data endpoint for the ISIMaster SoPEC. Depending on what is 

hurpP°?'"V .^''.S^* ^^'"t" ' °' "''y '^'^ P'°S^ download, 

but bPl ,s highly likely to be used for compressed page or other program downloads later. For this reason 
It IS part of the default configuration. In this setup the USB device configuration will take place, as it 
always must, by exchanging messages over the control channel (EPO). 

One possible boot mechanism is where the host PC sends the bootloaderl program code to all SoPECs bv 
broadcasting it over EPS. Each SoPEC in the system then authenticates and executes the bootloaderl pro- 
gram The ISIMaster SoPEC then polls each ISISlavc (over the ISIx.O chamiel). Each ISlShivc ascerteins 
11! u u f^" particular GPIO pins required by the bootloaderl and repotting its presence and 

Status back to the ISIMaster. The ISIMaster then passes this informarion back to L host over EPO 
both the host and the ISIMaster have knowledge of the number of SoPECs. and their ISIIds. in the system 
The host may then reconfigure the SCB map to better optimise the SCB resources for the particular multi- 
SoPEC system. This could involve simplifying the default configuration to a single SoPEC system (Figure 
38) or remappmg the broadcast channels onto DMAChannels in individual ISISlaves 
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Figure 39. Defauft SoPEC SCB map configuration and dataflow 

The following steps are required to reconfigure the SCB map from the system depicted in Figure 39 to one 
where EP3 IS mapped onto ISI 1.0: ^ f b 

1) The host PC sends a control message(s) to the ISIMaster SoPEC requesting that USB EP3 be 
remapped to ISI 1. 0 

2 )The ISIMaster SoPEC sends a control message to the host PC informing it that EP3 has now been 

mapped to ISIl.O (and therefore the host knows that the previous mapping of ISI15.1 is no longer 
available through EPS). 

3 ) The host may now send control messages directly to ISISlavel without requiring any CPU interven- 

tion on the ISIMaster SoPEC 

12.7.3 Host PC - ISISIave SoPEC communication 

Tlie default post-boot (as opposed to post-reset) SCB map configuration for an ISISIave SoPEC is to have 
aJi USB endpomts unconnected The ISI automatically forwards any data addressed to it (including broad- 
cast data) to the DMA with the appropriate ISISubld. If the ISIMaster is configured correctly (e g when 
Uie ISIMaster is a SoPEC. and that SoPEC»s SCB map is configured correctly) then data sent from the host 
destined for an ISISIave will be transmitted on the ISI with the correct address. If the ISISIave has data to 
send to the host it must do so by sending a control message to the ISIMaster identifying the host as the 
mtended recipient. It is then the ISIMaster's responsibility to forward this message to the host. 
With this configuration the host can communicate with the ISIsiave via broadcast messages only and this 
is the mechanism by which the bootloaderl program is downloaded. The ISISIave is unable to communi- 
cate with the host (or the ISIMaster) until the bootlloaderl program has successfully executed and the 
ISISIave has determined what its ISIId is. After the bootloaderl program (and possibly other programs) 
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SI 



has executed the SCB map of the ISIMaster may be reconfigured to reflect the most appropriate topology 
for the particular multi-SoPEC system it is part of 

AW communication from an ISISlave to host is achieved by sending messages via the ISIMaster. The 
ISISIave can never initiate communication to the host If an ISISlave wishes to send a message to the host 
It may do one of two things: (a) wait until it is polled by the ISIMaster or (b) indicate in its ISI acknowl- 
edgement packet (sent in response to the reception of an ISI packet specifically addressed to that ISISIave) 
that it has a message to send. When the ISIMaster receives the message from the ISISIave it first examines 
It to determine the intended destination and will then copy it into the EPO FIFO for transmission to the 
host. The software running on the ISIMaster is responsible for any arbitration between messages from dif- 
ferent sources (including itselO that are all destined for the host. 

The above mechanisms are appropriate for the types of communication outiined in sections 12.4.1 5 and 
12.4.1.6. 

12.7.4 ISIMaster - ISISIave communication 

All ISIMaster - ISISIave communication takes place over die ISL Immediately after reset this can only be 
by means of broadcast messages. Once the bootloaderl program has successftilly executed on all SoPECs 
in a multi-SoPEC system the ISIMaster can communicate with each SoPEC on an individual basis. 
If an ISISlave wishes to send a message to the ISIMaster it may do so in response to a ping packet from the 
ISIMaster. When the ISIMaster receives die message from the ISISIave it must interpret the message to 
determine if the message contains information required to be sent to the host. In the case of the ISIMaster 
being a SoPEC, software wOI transfer the gqjpropriate information into the EPO FIFO for transmission to 
the host. 

The above mechanisms are appropriate for the types of communication outlined in sections 12 4 2 3 and 
12.4.2.4. 

12.7.5 ISISIave - ISISIave communication 

ISISlave to ISISIave communication is expected to be limited to two special cases; (a) when the PrintMas- 
. ter is not the ISIMaster and (b) when a storage SoPEC is used. When the PrintMaster is not the ISIMaster 
tiien It will need to send control messages (and receive responses to these messages) to other ISISlaves. 
When a storage SoPEC is present it may need to send data to each SoPEC in die system. All ISISIave to 
ISISIave communication will take place in response to ping messages from the ISIMaster. 

12.7.6 SCB Map configuration registers 

The SCB map is configured by mapping a USB endpoint on to a data sink. This is performed on a endpoint 
basis i.e. each endpoint has a configuration register to allow its data sink be selected. Moping an endpoint 
on to a data sink docs not initiate any data flow - each en(^)oint/data sink needs to be enabled by writing to 
the ^propriate configuration registers in the USB controller/ ISI / DMA manager. 



Table 36. SCB Map configuration registers 



^^^^^^ 






■jn^setXi 






0x100 


USBEPODest 


7 


0x20 


This register determines which of the data sinks the 
data arriving in EPO should be routed to. 


0x104 


USBEPIDest 


7 


0x21 


Data sink for USB EP1 


0x108 


USBEP2Dest 


7 


0x3E 


Data sink for USB EP2 
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Table 36. SCB Map configuration registers 













0x1 OC 


USBEP3Desl 


7 


0x3F 


Data sink for USB EP3 


0x110 


USBEP4Dest 


7 


0x23 


Data sink for USB EP4 



"^"^ USBEPnDest configuration registers and is described in 

Tfeble 37. The ISIId register (see Table 30) allows the SCB map to identify data that should be routed to the 
DMA Manager as well as. or instead of. to die ISL The SCB map therefore does not need special fields to 
r/oo^^ DMAChannels on the ISIMaster SoPEC as this is taken care of by the SCB hardware Thus the 
iSrff "SS£/';^er/ registers should be programmed with 0x20 and 0x21 (for ISIO.O and 
l&lO.l) respectively to ensure data arriving on diese en^ints is moved directly to DRAM. 

Table 37. USBEPnDest register 





^1 




uesfisisuDid 


0 


Indfcates which OMAChanneJ of the target SoPEC the endpoint is 
mapped onto: 

0 = DMAChannelO 

1 = OMAChannell 


DestlSird 


4:1 


Denotes the ISlId of the target SoPEC as per Table 35 


ChannefEn 


5 


Enable bit Ibrthe DMAChannel: 

0 = Channel disabled 

1 = Channef enabled 


SequenoeBit 


6 


Sequence bit for packets going from USBEPn to OestlSlld.DesU- 
SISubld. Every CPU write to this register iniUalises the value of the 
sequence bit and this is subsequently updated by the ISI after 
every successful long packet transmission. 



A SoPEC ISIMaster should map as many USB endpoints, under the control of the host, as are required for 
tocmulti-SoPEC system it is part of. As already mentioned diis mapping may be dynamically reconfig- 



12.7.7 SCB transmit buffer arbitration 



When the SCB transmit buffer has been emptied the SCB control logic will immediately seek to refUl it 
As there may be data waiting in a USB endpoint FIFOs and in the CPUISl transmit buffer it may be neces- 
sary to arbitrate between these data sources. This arbitration is controlled by the SCBTxBuffArb register 
which contains a high priority bit for both Ae CPU and the USB. If only one of these bits is set then the 
conespondmg source always has priority Note that if the CPU is given absolute priority over the USB the 
software filling the CPUISl transmit buffer needs to ensure that sufficient USB traffic is allowed through 
Ifboth bits of the SCBTxBuffArb have the same value then ari,itration will take place on a round robin 

As the speed at which the SCB transmit buffer can be emptied is at least 5 times greater than it can be filled 
by USB traffic the double buffers used for each USB endpoint will not overflow using the above scheme in 
norma^ operation. There are a number of scenarios which could lead to the USB endpoints being tempo- 
rarily blocked such as the CPU having priority, retransmissions on the ISI bus, channels being enabled {cf 
the ChannelEn bit of the USBEPnDest register) with data already in their associated endpoint RFOs or 
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short packets being sent on the USB. Care should be taken to ensure that the USB bandwidth is efficiently 
utilised at all times. 

12.7.8 SCB Control Block 

The SCB control block is responsible for coordinating access to and between the various sub-blocks in the 
SCB. This includes translating between the CPU subsystem bus and the USB native bus protocol, moving 
data from the USB endpoint FIFOs into the SCB transmit buffer, moving data from the CPUISI transmit 
buffer into the SCB transmit buffer and arbitrating between the CPU and itself for access to the SCB sub- 
blocks. 



Table 38. SCB control block configuration registers 




This register is used to gate the propagation of the 
USB and ISI reset signals to the CPR block. Active 
high. 

WakeUpEnabtelO]: usb_cpr_reset_ncontnA 
WakeUpEnable[1 ): isLcpr_rdset_n control 



0x124 



SCBTxBuffArb 



QxO 



0x128 



SCBDebugSet 



Determines which source has priority when conten- 
tion arises in filling the SCBTxBuffer, When a bit is 
set priority Is given to the relevant source. 
SCBTx8uffArt>{0): CPU priority 
SCBTxBuffArb[1]: USB priority 



10 



0x000 



Contains address of the register selected for detxjg 
observation as it would appear on cpu_adr(1 1 :2J 
The contents of the selected register are output in 
the scb^cpu_€tata bus while cpu^scb^sel is low and 
scb_cpu_debug_va!id \s asserted to indicate the 
debug data Is valid. 

It Is expected thai a number of pseudo-registers will 
l>e made available for debug observation and these 
wiB be outlined with the implementation details. 



12.8 DMA Manager 



The DMA manager manages the flow of data between the SCB and the embedded DRAM. Whilst the 
CPU could be used for the movement of data in a USB 1 . 1 enabled SoPEC a DMA manager is a more effi- 
cient solution as it will handle data in a more predictable fashion with less latency and requiring less buff- 
cnng. Furthermore a DMA manager is required to soppoit the ISI transfer speed and to ensure that the 
SoPEC could be used with a high speed ISI-Bridge chip in the fimire. 

The DMA manager uses two independent channels, one for each ISISubId, to control the movement of 
data. Both DMAChannels only support write operation and can transfer data from any USB endpoint and 
from the ISI receive buffer. Data is moved at the soonest opportunity to do so and is always moved in 256- 
bit slices as required by the DIU. When it is not possible to use a 256-bit slice of data (e.g. at die end of a 
packet or for a short packet) the DMA manager will still use 256-bit access to the DIU. This means that for 
a DIU write (data incoming to the SoPEC) the DMA manager will pad the valid data with zeroes until a 
256-bit slice has been filled. 

The DMA manager handles all issues relating to byte/word/longword address alignment, data endianness 
and transaction scheduling. It arbitrates between data arriving from.thc ISI and data arriving from a USB 
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endpoint on a round robift basis. The greater guaranteed bandwidth available to the DMA manager (50 
I Mbit/s at the time of writing but this may need to be inweased especially if a 4- wire ISI bus is used. See 

section 20.6 for more details) ensures that the DMA manager is non-blocking. 

While the DMA manager performs the work of moving data the CPU controls the destination and relative 
timing of dataflows to and from the DRAM, The management of the DRAM data buffers requires the CPU 
to have accurate and timely visibility of both the DMA and PEP memory usage. In other words when the 
PEP has completed processing of a page band the CPU needs to be aware of the fact that an area of mem- 
ory has been freed up to receive incoming data. The management of these buffers may also be performed 
by the host. 

1 2.8.1 Circular buffer operation 

The DMA manager supports the use of circular buffers for both DMAChannels. Each circular buffer is 
controlled by 5 registers: DMAnBottomAdr, DMAnTopAdr. DMA/MaxAdr. DMAnCurrWPtr and DMArdn- 
tAdr, The operation of the circular buffers is shown in Figure 40 below. 




^ DMAnTopAdr 
DMAnlntAdr 



^ DMAnCunrWPtr 



DMAnTopAdr 



^ DMAnMaxAdr 
4— DMAnBottomAdr 




DMAnMaxAdr 
^ DMAnlntAdr 



^ DMAnCurrWRr 



DMAnBottomAdr 



(a) 

Key: | | Free buffer space 



(b) 



FiJted buffer space (unprocessed data) 
Buffer space filled since last write to the DMAnlntAdr/DMAnMaxAdr registers 
Figure 40. Circular buffer operation 

Here we see two snapshots of the status of a circular buffer with (b) occurring sometime after (a) and some 
CPU writes occurring in between (a) and (b). These CPU writes arc most likely to be as a result of a fin- 
ished band interrupt (which frees up buffer space) but could also have occurred in a DMA intenx^jt service 
routine resulting from DMAnlntAdr being hit. The DMA manager will continue filling the free buffer 
space depicted in (a), advancing the DMAnCurrWPtr after each write to the DIU. Note that the DMACur- 
rWPtr register always points to the next address the DMA manager will write to. When the DMA manager 
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reaches the address in DMAnlntAdr (i.e. DMACurrWPtr = DMAnlntAdr) it will generate an interrupt if the 
DMAnlntAdrMask bit in the DMAMask register is set. The purpose of the DMAnlntAdr register is to alert 
the CPU that data (such as a control message or a page or band header) has arrived that it needs to process. 
The interrupt routine servicing the DMA interrupt will change the DMAnlntAdr value to the next location 
that data of interest to the CPU will have arrived by. 

In the scenario shown in Figure 40 the CPU has determined (most likely as a result of a finished band 
interrupt) that the filled buffer space in (a) has been freed up and is therefore available to receive more 
data. The CPU therefore moves the DMAnMaxAdr to the end of the section that has been freed up and 
moves the DMAnlntAdr address to an appropriate offset from the DMAnMaxAdr address. The DMA man- 
ager continues to fill the free buffer space and when it reaches the address in DMAnTopAdr it wn^)s around 
to the address in DMAnBottomAdr and continues fix)m there. DMA transfers will continue indefinitely in 
this fashion until the DMA manager reaches the address in the DMAnMaxAdr register. 

The circular buffer is initialised by writing the top and bottom addresses to the DMAnTopAdr and DMAn- 
BottomAdr registers, writing the start address (which does not have to be the same as the DMAnBottomAdr 
even though it usually will be) to the DMAnCurrWPtr register and appropriate addresses to the DMAnln- 
tAdr and DMAnMaxAdr registers. The DMA operation will not commence until a 1 has been written to the 
relevant bit of the DMAChanEn register. 

While it is possible to modify the DMAnTopAdr and DMAnBottomAdr registers after the DMA has started 
it should be done with caution. The DMAnCurrWPtr register should not be written to while the 
DMAChannel is in operation. DMA operation may be stalled at any time by clearing the appropriate bit of 
the DMAChanEn register or by disabling an SCB mapping or ISI receive operation. 

12.8.2 DMA manager DRAM bandwidth requirements 

The DIU must guarantee the SCB enough bandwidth to ensure that neither a USB cndpoint FIFO nor the 
ISI receive buffer can overrun. For exan^le, to facilitate bursty 32 Mbit/s transfers a SoPEC with a 64- 
byte ISI receive buffer would need to be able to transfer 256 bits every 1280 cycles (@160 MHz). This is 
in addition to the USB transactions targeted at the ISIMaster SoPEC which may be in the region of 8-9 
Mbit/s. While USB has a backpressure mechanism SoPEC should strive to obtain optimimi USB band* 
width utilization and so USB backpressuring should only be used as a last resort. The DIU currently guar- 
antees 50 Mbit/s to the SCB and more bandwiddi will be available when other DIU requestors do not take 
cheur slots. This is sufficient for the SCB *s requirements. 

12.8.3 DMA manager configuration registers 

All of the circular buffer registers are 256-bit word aligned as required by the DIU. The DMAnBottomAdr 
and DMAnTopAdr registers are inclusive i.e. the addresses contained in those registers form part of the cir- 
cular buffer.The DMAnCurrWPtr always points to the* next location the DMA manager will write to so 
interrupts are generated whenever the DMA manager reaches the address in either the DMAnlntAdr or 
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DMAnMaxAdr registers rather than when it actually writes to these locations. It therefore cannot write to 
the location in the DMAnAfaxAdr register. 



Table 39. DMA Manager Configuration Registers 











0x200 


OMAOBonomAdr 


17 


0x0.0000 


The 256'bit aJigned DRAM address of the 

bottom of the ci/'cular buffer serviced by 
OMAChannelO 


0x204 


DMAOTopAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
top of the circufar buffer serviced by 
DMAChanneK) 


0x208 


OMAOCurrWPtr 


17 


0x0^0000 


The 256-bft aiigned DRAM address of the 
next location OMAChannetO will wrfte to. This 
register is set by the CPU at the start of a 
DMA operation and dynamtcariy updated by 
the DMA manager during the operation. 


Ox20C 


OMAOIntAdr 


17 


0x0.0000 


The 256-bH aligned DRAM address of the 
location that wHi trigger an interrupt when 
reached by DMAChannetO txjffer. 


0x210 


DMAOMaxAdr 


17 


0x0.0000 


The 256-brt aligned DRAM address of the 
last free location in the DMAChanneiO circu- 
lar buffer. The DMAChanneiO transfers wiJi 
stop when it reaches this address. 


0x214 


OMAOSeqBit 


1 


0x0 


Sequence bit for DMAChanneiO. This bit may 
be initialised t>y the CPU but is updated by 
the IS! each time an error-free long packet Is 
received. 


0x218 


DMAIBottomAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
bottom of the circular buffer serviced by 
DMAChartnell 


0x21 C 


DMAITopAdr 


17 


0x0.0000 


The 256-bit cUigned DRAM address of the 
top of the circular buffer serviced by 
DMAChannell 


0x220 


DMAICurrWPtr 


17 


0x0,0000 


The 2564>it aligned DRAM address of the 
next location DMAChannell will write to. This 
register is set by the CPU at the start of a 
DMA operation and dynamicalty updated by 
the DMA manager during the operation. 


0x224 


DMAKntAdr 


17 


0x0.0000 


The 2S6-bit aligned DRAM address of the 
location that will trigger an interrupt when 
leached l>y DMAChannell buffer. ' 


0x228 


DMAIMaxAdr 


17 


0x0.0000 


The 256-txt aligned DRAM address of the 
last free location in the DMAChannell circu- 
lar buffer. The DMAChannell transfers wiD 
stop when it reaches this address. 


0X22C 


DMAISeqBit 


1 


0x0 


Sequence bit for DMAChannell . This bit may 
be initiatised t>y the CPU but is updated by 
the ISI each time an error-free long packet is 
received. 


0x230 


DMAChanEn 


2 


0x0 


Enable DMA operation on a per channel 
basis. Active high. 

DMAChanEn{0}: Enable DMAChanneiO 

DMAChanEnfl j: Enable DMAChannell 
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Table 39. DMA Manager Configuration Registers 





mmm 






0x234 


DMAStatus 


4 


0x0 


DMA status register. See section 12,8,3,1. 
This register is Readonly. 


0X238 


DMAMasK 


4 


0x0 


DMA mask register. See section 12.6.3.2 



f 2.8.3. f DMAStatus register 

The contents of die ONfAStatus register are read-only to the CPU. The status bits are not sticky bits i.e. 
they reflect the Hive' status of the channel. Status bits may only be cleared by writing to the relevant 
DMAnlntAtir or DMAnMaxAdr register. 



Table 40. DMA Status Register 









DMAChannerointAdfHit 


0 


OMACtianneK) has reached the address contained In the 
OMAOIntAdr register 


OMAChannelOMaxAdrHit 


1 


OMAChannelO has reached the address contained in the 
DMAOMaxAdr register 


OMAChannell IntAdrHIt 


2 


DMAChannell has reached the address contained in the 
DMAIlntAdr register 


OMAChaimell MaxAdrKit 


3 


OMAChannell has reached the address contained in the 
DMAIMaxAdrregisiteT 



1Z8.3.2 DMAMask register 

All bits of the DMAMask are both readable and writable by the CPU. The DMA manager cannot alter the 
value of this register All interrupts are edge sensitive i.c the DMA manager will generate a dmajcujurj 
pulse each time a status bit goes high and die corresponding mask bit is enabled. ~* 



Table 41. DMA Manager Mask Register 























OMAChannelOlntAdrHitMask 


0 


1 s Generate an interrupt when the DMAChannelOlntAdiHit status 
bit goes high 

0 = Do not generate an interrupt when the DMAChannelOlntAdrHit 
status bit goes high 


DMAChannelOMaxAdrHitMask 


1 


1 s Generate an interrupt when the OMAChannelOMaxAdrKK status 
bit goes high 

0 s Do not generate an Interrupt when the OMAChannelOMaxAdrHit 
status bit goes high 


OMAChannell IntAdrHHMask 


2 


As per DMAChannelOlntAdrHitMa^ 


DJMAChannellMaxAdrHitMask 


3 


As per DMAChanneiOMaxAdrHitMask 



12.9 SCB Implementation 



This section is still a work in progress - the information here should be ignored as it refers to an earlier ver- 
sion of the SCB 
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^nayojjrq 



^ usi>_tx_drn 



jisb_fx_rov 
usb_rxZ<i r 



us&_rx_di 
^ us<>_isu^irq 



us ^cprlfeset_ , n 



<4 1 



lsi_0|Jio_dln 

^ lsi_icu_irq 
fe |,cpiyeset_,n 



DMA 
Manager 



scb_diu_wreq 



^ — 


diu_scb_wack 


4 


► 


scb.d7u_«wal[d 




scb_diu_rreq 


4 
• 


^ 


4 


dru_6Cb_fack 


* 


► 




<fiu_scb_rvalid 


t 




scb dfu wadr t 




scb_diu_radr 








scb.dju.data 


• 






diu_aata 


■ 
t 





dma_cpu_cntr1 



dma_scbs_data 



6ct)s_dma_data 



dma_scbs_cntrt 



7^ 



USB 



usb_3cbs,data 



7^ 



ISI 



Isi_scb3_data 





scbsJsLdata 




4— 


isi_SGbs_cn1rl 





CPU 

Subsystem 
Interface 



I- CPU rwn 

I' cpuje 



D 
I 

U 



, cpu_scb_^el 



, cpu_adf ^ ^ 



^ cpu_dataout 



SCB 
Switch 



DRAM 



CPU 
Block 
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Characteristics of the data channels: 

USB: Packets should be moved sequentially out of the endpoint FIFOs. The USB is the slowest compo- 
nent in the SCO but its bandwidth is most precious. However both the DMA and ISI can transfer data (50 
and 40 Mbps respectively) much faster than the USB can receive data (12 Mbps peak rate) so no flow con- 
trol problems will occur due to a speed mismatch. If one of the DMA or ISI data sinks becomes blocked or 
inactive then the USB controller will assert baclqjressure (by NAKing packets) when the double buffer for 
the associated endpoint is filled. Other endpoints will remain active in this scenario and the DMA and ISI 
will still be able to transfer data at their peak rates. The worst case scenario is when all endpoints have 
their double buffers filled (because all the data sinks had been blocked/disabled) and then all data sinks 
become available again. In this case die backlog will be fully cleared in 3 USB 64-byte packet times. 

ISI: The ISI can support simultaneous reception and transmission of packets. ISI packets should be trans- 
ferred sequentially in either direction. The ISI is expected to handle the packet header and trailer, if any is 
used for error detection, in both directions i.e. only raw payload data is routed tiirough the SCB map. 

DMA: The DMA channels are unidirectional but their direction, namely whether they are transferring 
data to or from DRAM, is programmable. Each DMA transaction to DRAM will be 256 bits wide but all 
256 bits are not always valid. When a transfer of less than 256 bits is required the DMA manager pads the 
remaining bits in the 256-bit word with zeroes, in the case of a write to DRAM, or discards the unnecces- 
saiy bits in the case of a DRAM read Can we get by with single (256 bits each way or maybe even 256 
bits in all ?) buffering for the DRAM manager? 
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dma_scbs_data 





scbs_dma_data 




^4— 


<lma_scbs_cntrt ^ 
T— 


# 



U8b_8cbs_data 



usb,scbs_cntri 



(si_scbs_data 



scbajsi_data 



■7^ 



DMA 

i/f 



USB 
i/f 



ISI 

i/f 



dma_douOdy_kiI1 :0] 





dma_dout ^ 






dma_doiJt_valid 






<- 


dma_din.ld[1:0)^ 






dma_din 






dma_d!n.valld 





usb_ep_idy(2:0] 
usb_fx_data 



usb_datflL.valid 



isLdata_rdy_fd[5:0J 





isLrx_data 






lsLrx_data_valid 






isf_tx_rdy 


— # 


4- 


lsLb(.data_id[4:01 


— I 




teJ«lx_dala ^ 




4- 


f8i.tx_data.valid 





CPU 
Subsystem 
Interface 



Switch 
Logic 



Figure 41. SCB Switch block diagram 



SCB Switch pseudocode: 

const no_data_sinks = 12 

for i = 1 to no_data_sin)cs 
if (i <^ 2) then 

sinK^data is dma.din 
sink^rdly is dma_din_rdy 
sin)c_data_valid is dma^din^valid 
sink^id is dma_din_id 
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else 



sink_data is isi_tx_data 
sink^rdy is isi_tx_rdy 
8in)c_data_valid is isi_cx_<lata_valid 
sink^id is isi_tx_data_id 

if (data_src_reg(i) != 0) then // Each data sink has an associated data source 

// register. A non-zero value means the sink is enabled 
if ((data_src_reg{il & OxFO) == 0x10) then // A USB endpoint is the data source 
if ((usb.ep_rdy[4] == 1> AND (usb_ep_rdy (3 : 0] == data_src.reg( i] {3 : 0] > ) then 

// there is data waiting in the EP FIFO 
while ( <usb_data_valid «== i> AND (sink_rdy == 1) AND clocktick) 
sink_data = usb_rx_data 
sink_data_valid = 1 

if (i <*= 2) then // The sink is a DKAChannel 
sink_id(ll = 1 
sink_id(0] » i -1 
else // The sink is an ISI channel 
sink_id(5J = 1 
sink«id(4:01 = i -1 
else // There is no data ready to go 
sinK.data_valid = 0 

elsif (data.src_reg & OxPO) 0x20) then // The ISI is the data source 

if <isi.data_rdy.id[3:01 == data_src_reg[iH3 :03 ) then // there is data waiting 

// in the ISI receive FIFO for this ISISubId 
while ( (isi_rx_data_valid == 1) and (sink^rdy «== i) AND clocktick) 
sink_data = iBi_r3^_data 
sinK_data_valid = 1 

if (1 <» 2) then // The sink is a DKAChannel 
sink_id(lj = 1 
sink^id[0) « i -1 
else // The sink is an ISI channel 
sink_id(51 = 1 
sink_id[4:03 i -3 
else // There is no data ready to go 
sink^data_valid = 0 

elsif .(data_src_reg fit OxFO) == 0x30) then // The mOk is the data source 

if (dma_dout_rdy-idCO) == data.src_reg[il tO) ) then // there is data waiting 

// in the relevant DMA buffer for this sink 
while ( (dxna_dout_valid 1) AND (aink^rdy l> AND clocktick) 
sink_data = dma_dout 
sink_data_valid = 1 

if <i <=s 2) then. // The sink is a DMA channel 
sink_idll) « 1 
8ink_idl0) = i -1 
else // The sink is an ISI channel 
sink_id[5J = 1 
sink_id(4:0I - i -3 
else // There is no data ready to go 
sink_data_valid = 0 



pie above pseudocode has a few shortcomings, particularly if all our data buses are not the same size, but 
it shows the basic functionality the switch is supposed to offer The main loop of the pseudocode (for i •= 1 
to no_data.sinks) dictates what happens within one timeslot The timeslots take as long as required to 
complete and loop around endlessly. The msb of the usb_ep^rdyf4:0J, isi_data_rdyjid[5:0] and 
dma_dout_rdyjd[l:0] signals is used to indicate that data is available in the relevant block. 
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13 General Purpose lO (GPIO) 

13.1 Overview 

The General Purpose lO block (GPIO) is responsible for control and interfacing of GPIO pins to the rest of 
the SoPEC system. It provides easily programmable control logic to simplify control of GPIO functions. 
In all there are 14 GPIO pins of which certain pins have special functions, their functions are detailed as: 

• 4 Motor control lOs internally pulled down 

• 4 General purpose high drive pulsed lOs capable of driving LEDs. 

• 4 Open drain lOs used for LSS interfaces 

• 2 Normal drive lOs used for the ISI mterface in Multi-SoPEC mode 

Each of the pins can be configured in either input or output mode, each pin is independently controlled. A 
prograrnmable de-glitching circuit exists for all input pins. Each input is a schmidt trigger to increase noise 
immunity should the input be used without the de-glitch circuit The mapping of flic above functions and 
their alternate use in a slave SoPEC to GPIO pins is shown in Table 42 below. 



Table 42. GPIO pin functronallty 







gpio(3:0] 


Motor control ptns / general purpose lO 


«pto[7:4J 


LED driver pfns / general purpose ID 


flpto[11:8] 


LSS interface pins / general purpose ID 


gpto[13:12) 


iSl interface pins / general purpose lO 



1 3.2 MOTOR CONTROL 

The motor control pins can be direcdy controlled by the CPU or the motor control logic can be used to 
geiierate the phase pulses for the stepper motors. The controller consists of two central counters from 
which the control pins are derived. The central counters have several registers (see Table 44) used to con- 
figure the cycle period^ the phase, the duty cycle, and counter granularity. 

There are two motor master counters (0 and 1) with identical features. The period of tfie master counters 
are defined by the MotorMasterakPeriodfJsOj and MotorMasterClkSrc registers i.e. bodi master counters 
are derived from the same MotorMosterClkSrc, The MotorMasterClkSrc defines the timing pulses used by 
the master counters to determine the timing period. The MotorMasterClkSrc can select clock sources of 
1 MS» 1 00^, 1 0ms and pclk timing pulses. 

The MotorMasterClkPeriod[!:0] registers are set to the number of timing pulses required before the tim- 
ing period re-starts. Each master counter is set to the relevant MotorMasterClkPeriod value and counts 
down a unit each time a timing pulse is received. 

The master cotmters reset to MotorMasterClkPeriod and count down. Once the value hits zero a new 
value is reloaded from the MotorMasterClkPeriod f J :0J registers. This ensures that no master clock glitch 
is generated when changing the clock period. 

Each of the lO pins for the motor controller are derived firom the master counters. Each pin has indepen- 
dent configuration registers. The MotorMasterClkSelect[3:0J registers define which of the two master 
counters to use as the source for each motor control pin. The master counter value is compared with the 
configured MotorCtrlHigh and MotorCtrlLow registers. If the count is equal to MotorCtrlHigh value the 
motor control is set to 1, if the count is equal to MotorCtrlLow value the motor control pin is set to 0. 

allows the phase and duty cycle of the motor control pins to be varied at pclk granularity. 
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The motor control generators can be paused at the end of a clock period by setting the MotorMasterClock- 
Enable register to zero. This allows the CPU to re-configure the motor controller without causing a riitch 
on the output pins. 



13.3 LED CONTROL 



LED lifetime and brightness can be improved and power consumption reduced by driving the LEDs with a 
pulsed rather than a DC signal. The source clock for each of the LED pins is a 7.8kHz (128|is period) 
clock generated from the 1ns clock pulse from the Timers block. The LEDDutySelect iCi^si^TS are used to 
create a signal with the desired waveform. Unpulscd operation of the LED pins can be achieved by using 
CPU 10 direct control. By default the LED pins are controUcd by the LED control logic 



Master Clock | 

LEOOut/SelectsO | 

LE0DtrtySeiect=1 j 

LEDDulySe!ect=2 j 



LEDDutySelecl ^ ^ 

L£DDiJtySelect=4 | 

LEOOutySelectBS |^ 
LEDDutySelect =6 



LEODutySelect-7 



Figure 42. Duty Cycle Select 



13,4 LSS INTERFACE VIA GPIO 

In some SoPEC system configurations one or more of the LSS interfaces may not be used. Unused LSS 
mterfece pms can be reused as general fO pins by configuring the CpuIOCtrl register. When a bit in the 
CpuIOCtrl is set the corresponding pin is controUed by the CPU registers, otherwise the pin is controlled 
by the LSS block. By default the LSS controU the GPIO pins U to 8, 



1 3.5 ISI INTERFACE VIA GPIO 



In Multi-SoPEC mode the SCB block (in particular the ISI sub-block) requires direct access to and from 
the s>io[l 2] and gpio[13] pins. Control of the ISI interface pins is detennined by the CpuIOCtrl register. 
Whtu a bit in the CpuIOCtrl is set the corresponding pin is controlled by the CPU registers, otherwise the 
pm IS controlled by the ISI block directly. By default the pins are directly controUed by the ISI block. 
In single SoPEC systems the pins can be re-used by the GPIO. 

13.6 CPU GPIO CONTROL 

The CPU can assume direct control of any (or all) of the lO pins individually On a per pin basis the CPU 
can turn on direct access to the pin by setting the CpuIOCtrl register. Once set the lO pin assumes the 
direction specified by the CpuIODirection register. When in output mode the value in register CpuIOOut 
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will be directly reflected to the output driver. When in input mode the status of the input pin can be read in 
either the direct version or a de-glitched form, by reading CpuIOIn and CpuIOInDeglitch respectively 
When wnting to the CpuIOOut register the top bits of the register (bits 29 to 16) are used to filter access to 
the lower bits (13 to 0). 



13.7 Programmable de-glitching logic 

Each lO pin can be fUtered through a de-glitching logic circuit. The circuit can be configured to sample the 
lO pin for a predetemiined time before concluding that a pin is in a particular state. The exact sampling 
length is configurable, but each GPIO pin must use one of two possible configured values (selected by 
DeGlitchSelecty The sampling length is the same for both high and low states. The DeGlitchCount is pro- 
grammed to the number of system time units that a state must be valid for before the state is passed on. 
The time units are selected by DeGlitchClkSel and can be one of l^s. 100ns, 10ms and pclk pulses. 
For exan^)le \f DeGlitchCount is set to 10 and DeGlitchClkSel set to 3, then an iiq)ut pin (one of gpiof 13 
to OJ) must consistently retain its value for 10 system clock cycles (pclk) before the input state will be 
propagated from CpuIOIn to CpuIOInDeglitch. 

13.8 Interrupt GENERATION 

Any of the GPIO pins can generate an interrupt firom the raw or deglitched version of the input pin. There 
are 14 possible interrupt sources from the GPIO to the intemipt controUer, one intenupt per input pin. The 
InterruptSrcSelect register determines whethCT the raw input or the deglitched version is used as the inter- 
rupt source. 

The internet type, masking and priority can be programmed in the interrupt controller. 

13.9 Frequency ANALYSER 

The fi-cquency analyser measures the duration between successive positive edges on an input pin and 
reports the last period measured {FreqAnoLastPeriod) and a running average period (FreqAnoAverage). 
The running average is updated each time a new positive edge is detected and is calculated by 
FreqAnaAverage = ( FreqAnaAverage / 8 ) * 7 + FreqAnaLastP^riod 1 8. 

The analyser can be used with any input pin (or its deglitched form), but only one pin at a time can be 
selected The pin is selected by the FreqAnaPinSelect and its deglitched form can be selected by 
FreqAnaPinFormSelecL 
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13.10 Implementation 

13.10.1 Definitions of I/O 



Tabte 43. I/O definition 



mwmmw 




mi 




Clocks and Resets 


pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active tow 


tim_pulse[2:0] 


3 


In 


Timers block generated timing pulses. 

0 - 1 jis putse 

1 . too (IS pulse 

2 - 10 ms pulse 


CPU Interface 


cpu_addrt7:21 


6 


tn 


CPU address tius. Only 6 bits are required to decode the 
address space tor this block 


cpu_dataoutt31 :0) 


32 


In 


Shared write data bus from the CPU 


gpto_cpu_data(31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_gpiOL.sel 


1 


In 


Block select from the CPU. When cpu_gpk>^sef is high both 
epu.acft/rand c^u_dataoui are valid 


gpio.cpu.rdy 


1 


Out 


Ready signal to the CPU. When gptojGpu_niy Is high It Indi- 
cates the last cyde of the access. i=6r a write cyde this means 
cpM_d:ataoiif has been registered by the GPIO block and for a 
read cyde this means the ciata on gplojcpu^data is valkL 


Opk>_cpu_berr 


1 


Out 


Bus error signal to the CPU indicating an Invalid access. 


gpIo_cpu.dei>ug_vaIid 


1 


Out 


Debug Data valid on gpio_cpu_<lata bus. Active high 


cpu.aGode{l:0] 


2 


In 


CPU Access Code signals. These decode as toOows: 

00 • User program access 

01 - User data aooess 

10 • Supervisor program access 

1 1 - Supervisor data access 


lO P[ns 


gpio.o(13:0] 


14 


Out 


General purpose lO output to lO driver 


gplo.i(13:0] 


14 


In 


General purpose lO Input from lO receiver 


gplo_et13-'0] 


14 


Out 


General purpose lO output control. Active high driving 


GPtOtoLSS 


>ss^k>_do[1K)] 


2 


In 


LSS bus data output 
Bit 0 • LSS bus 0 
Bit 1 • LSS bus 1 


gpro.lss_di(1:0] 


2 


Out 


LSS bus data input 
Bit 0 • LSS bus 0 
Bit 1 - LSS bus 1 


'ss-gpio_e[1:0j 


2 


In 


LSS bus data output enable, active high 
Bit 0 - LSS bus 0 
Bit 1 - I^S bus 1 


tes^pk>_dk(1K)l 


2 


in 


LSS bus dock output 
Bit 0- LSS bus 0 
Bit 1 - LSS bus 1 


GPio to isr 
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Table 43. I/O definition 







mm 




flplojsi_dln[1:0] 


2 


Out 


Input data from lO receivers to ISI. 


lsl_opto_dout|1.-0] 


2 


In 


Data output from ISI to lO drivers 


isi^pio^elliOJ 


2 


fn 


GPJO ISI pins output enable (active high) from ISI Interface 


Interrupts 


0Pio_icuJrq[13:0) 


14 


1 Out 


GPIO pin intemjpts 


Debug. 


debug_data_oirtf 1 6:3] 


14 


In 


Output debug data to be muxed on to the GPIO pins 


<iebug_cntri[l6:3] 


14 


In 


Control signal tor each GPIO bound debug data line indicating 
whether or not the debug data should be selected by (he pin 
mux 



13.10^ Configuration registers 

The configuration registers in the GPIO are programmed via the CPU interface. Refer to section 1 1 .4.3 on 
page 70 for a description of the protocol and timing diagrams for reading and writing registers in the 
GPIO. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the GPIO. When reading a register that is less than 32 bits wide zeros should be returned on the upper 
unused bit(s) of gpio_pcu_data. Table 44 lists the configuration registers in the GPIO block 



Table 44. GPIO Register Definition 









pp^3 




CPUIOConbQl 


0x00 


CpulOCtri 


14 


0x0000 


Indicates wtiether each lO pin is directly control- 
led by the CPU or not 

0 - Default Control 

1 - CPU Control 


0x04 


CpulOUserModeMask 


14 


0x0000 


User Mode Access Mask to CPU GPIO control 
register. When 1 user access Is enabled. One 
tH^t per gpio pin. Enat^Jes access to CpulODirac- 
tion, CpuiOOut CpulOln and CpufOinOegfitch 
in user mode if CpufOCtrt edlows CPU access. 


0x08 


CputOSuperModeMask 


14 


0X3FFF 


Supervisor Mode Access Mask to CPU GPIO 
control register. When 1 supervisor access Is 
enabled. One bit per opio pin. Enables access to 
CputODirection, CputOOut, CputOln and Cpul- 
OJnDegfitch in supervisor mode If CpulOCtri 
«dlows CPU access. 


OxOC 


CpulODirection 


14 


0x0000 


Indk:ates the direction of each lO i^n. when con- 
trolled t)y the CPU 

0 - Indicates Input Mode 

1 - Indicates Output Mode 
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Table 44. GPIO Register Definition 









UXlU 


cpuicxxit 


30 


0x0000 
.0000 


Value used to drive output pin In CPU direct 
mode. 

brtsl 3:0 - Value to drive on output GPIO pins 
bits 15:14 - Reserved. (Read as zero always) 
bits 29:1 6 - Write enable mask for bitsi 3.-0, 0 
enables write, 1 masks the write. (Read as zero 
always) 


0x14 


CpulOln 


14 


Exter- 
nal pin 
value 


Value received on each Input pin regardless of 
mode. Read Only register. 


0x18 


CpulOlnOeglUch 


14 


0x0000 


DeglHched version of CpufOtn register. Note 
tfiat after reset this register will reflect ttie exter- 
nal pin values 256 pcik cycles after they have 
stabilized. Read Only register. 


Degtitch contn 




0x20-024 


OeQlitohCountflrO] 


2x8 


OxFF 


De-glitch circuit sample count in DeGUtchCfkSrc 
selected units for pins gpi^13:0] 


0x28-20 


OeGlitchC(kSrc[1:0] 


2x2 


0x3 


Specifies the unit use of the GPIO deglltch cir- 
cuits: 

0 - 1 (IS pulse 

1 - 100 pulse 
2- 10 ms pulse 


0x30 


OeGlitchSeJect 


14 


0x000 


Specifies which degtitch count {DeQUtchComl^ 
and unit select (DeGtitchOkSfd^ should be used 
to degtitch each GPIO pin 

0 - Spedfres DeGmchCounfO] and DeGtitchak- 
Src(0] 

1 • Specifies DeGfitchCofmt[1]and DeGUtchClk' 
Src[1] 


Motor Control 




0x34 


MotorCtrfUserModeEnabte 


1 


0x0 


User Mode Access enable to Motor control con- 
figuratton registers. When 1 user access Is ena- 
bled. 

Enal>les user access to MotorMasterCikPeriod, 
MotorMasterCtkSrc, MotorDutySeiect, Motor- 
PhaseSetect, MotorMasterCtockenabfe and 
MotorMastBfCacSelect registers 


0x38to0x3C 


MotorMastefCIkP0riod[l rOj 


2x16 


OxOOOO 


Specifies the motor oontrotler master ctock peri- 
ods in A^ofoM<a5te/C//rSrc selected units 


0x40 


MotorMasterClkSrc 


2 


0x0 


Specifies the unit use by the nnotor controller 
master ck>ck generator: 

0 - 1 fis pulse 

1 - 100 tis pulse 

2 - 10 ms pulse 
3-pc/fc 


0x44 to 0x50 


MotorCtriHigh[3:0] 


4x16 


0x0000 


Specifies the k>w to high transition point In the 
clock period for each motor control pin. 


0x54 to 0x60 


MotorCtrlLow[3:0] 


4x16 


OxFFFF 


Specifies the high to low transition point In the 
clock period for each motor control pin. 
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Table 44. GPJO Register Definition 





















0x64 to 0x70 


MotorMasterClkSelect[3:0] 


4x1 


0x0 


Specifies which motor master dock should be 
used as a pin generator source 

0 - Clock derived from MotorMasterClockP^ 

riodlO] 

1 -crock derived from MotorMastBrOockPa- 
riod[1] 


0x74 


MotorMasteraocHEnable 


2 


0x0 


Enable the motor master dock counter. When 1 
count Is enabled 

Bit 0 * Enable motor master dock 0 
Bit 1 - Enable motor master dock 1 


LEO control 


0x78 


LEDCtrtUserModeEnable 


4 


0x0 


User Mode Access enable to LED control con> 
figuration registers. When 1 user access is ena- 
bled. 

One bit per L£DDirrK5e/ecf select register. 


0x7Cto0x88 


LEDDutySelect[3:0] 


4x3 


0x0 


Specifies the duty cyde (or each LED pin.See 
F^ure 42 for encoding details. The LEDDvtySe- 
toct[3:0) reglstera determine the duty cyde of 
the gpk^:4]^nB 


Frequency Analyser 


0x8C 


FreqAnaPlnSelect 


4 


0x00 


Selects which GPIO input shouki be used for the 
frequency analyses. 


0x90 


FreqAnaPinFbrmSelect 


1 


0x0 


Selects if the frequency analyser shoukJ use the 
raw input or the deglctched form. 

0 - Degthched form of input pin 

1 - Raw form of Input pin 


0x94 


FreqAnaLastPeriod 


16 


0x0000 


Frequency Analyser last period of selected input 
pin. 


0x98 


FreqAnaAverage 


16 


0x0000 


Frequency Analyser average perkxJ of selected 
input pin. 


Ox9C 


FreqAnaCoiintrnc 


20 


0x0000 
0 


Frequency Analyser counter increment amount 
For each dock cyde no edge is detected on the 
selected input pin the aocumlator ts incremented 
by this amount. 


Miscellaneous 


OxAO 


InterruptSrcSelect 


14 


0x000 


Interrupt source select 1 bit per GPIO pin. 
Determines whether the interrupt source is 
direct form the input pin or the deglitched ver- 
sion 

1 - Input pin direct 
0 « Deglitched input pin 


0xA4 


DebugSelect 


6 


0x00 


Debug address select Indicates the address of 
the register to report on the gpio^cpu^€Uita bus 
when It is not otiierwise l>eing used. 


0xA8-0xAC 


MotorMasterCount 


2x16 


0X0000 


Motor master dock counter values. 
Bus 0 - Master dock count O 
Bus 1 - Master dock count 1 
Read Only registers 
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13. 10.2, 1 Supervisor and user mode access 

The configuration registers block examines the CPU access type (cpu_acode signal) and determines if the 
access is allowed to that paiticular register, based on configured user access registers. If an access is not 
allowed the GPIO will issue a bus error by asseiting the gpiojcpujierr signal. 

Access to the CpuIODirection, CpulOOut- CpuIOJn and CpuIOInDeglitch is filtered by the CpuIOUser- 
ModeAfask and CpuIOSuperModeMask registers. Each bit masks access to the corresponding bits in the 
CpuIO* registers for each mode, with CpuIOUserModeMask filtering user data mode access and CpuIO- 
SuperModeMask filtering supervisor data mode access. 

The addition of the CpuIOSuperModeMask register helps prevent potential conflicts between user and 
supervisor code read modify write operations. For example a conflict could exist if the user code is inter- 
rupted during a read modify write operation by a supervisor ISR which also modifies the CpuIO* registers. 

An attempt to write to a disabled bit in user or supervisor mode will be ignored, and an attempt to read a 
disabled bit returns zero. If there are no user mode enabled bits then access is not allowed in user mode 
and a bus error will result Similarly for supendsor mode. 

When writing to the CpulOOut register, bits 29 to 16 are used to mask the write to the CpulOOut f J 3:0J. If 
the mask bit is zero the write is active to comesponding CpulOOut pin. o^erwise the write to that pin is 
ignored. 

The pseudocode for determining access to the CpuIODirection register is shown below. Similar code could 
be shown for the CpulOOut^ CpuIOIn and CpuIOInDeglitch registers. 

if (cpu_«code == SUPERVISOR_DATA^MODE) then 
// supervisor mode 

if (CpuIOSuperModeMask I 13:0) «= Q ) then 

// access is denied, and bus error 

Spio_cpuJberr = 1 
els If (cpu_rwn == 1) then 

// read mode 

gpio.cpu.data (13:0) = < Cpuioout (13 :0) & CpuIOSuperModeMask ( 13 : 0) ) 

else 

// vrrite mode, filtered by mask! 

inask(13:0) = -(cpu^dataout (29 : 16} ) & CpuIOSuperModeMask [ 13 :0) 

CPuIOOut(l3:0] = (( cpu_dataout (13;0) & inaskll3:0) ) | 
( CpulOOut (13:0] & -(inask(13:0))) )) 
elsif (cpu_acode «» VSER_pATKJioVB} then 
// user dataiaode 

i£ (CpuIOU8erModeHaskC13:0) 0 )' then 

// access is denied, and bus error 

gpio.cpujberr * 1 
elsif (cpu_rvn> == 1) then 

// read mode, filtered by mask ' 

gpio.cpu.data » ( ClpuIOOut ( 13 : 0 ) & CpuIOUserModeMask (13 :0) ) 
else 

// write node« filtered by mask 

mask (13:0) = -(cpu.dataout [29: 16] ) & CpuIOUserModeMask ( 13 sO] 

CpulOOut (13:0) = ({ cpu.dataout(13:0) & mask(13:0) ) | 
( CpulOOut (13:0) & -(mask(13:0])))> 

else 

// access is denied, bus error 
gpio_cpu^berr = 1 
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Table 45 details the access modes allowed for registers in the GPIO block. In supervisor mode all registers 
are accessible. In user mode forbidden accesses will result in a bus error (gpio_cpu_berr asserted). 



Table 45. GPIO supervisor and user access modes 













0x00 


CpulOCtrl 


Supervisor data mode only 




0x04 


CpulOUserModeMask 


Supervisor data mode only 




0x08 


CputOSuperModeMask 


Supervisor data mode only 




OxOC 


CpulODirection 


CpulOUserModeMask and CpuiOSuperModeMask filtered 




0x10 


CpulOOut 


CpulOUserModeMask and CpuiOSuperModeMask filtered 




0x14 


CpulOin 


CpulOUserModeMask and CpuiOSuperModeMask filtered 




0x16 


CpufOInOegtitch 


CpulOUserModeMask and CpuiOSuperModeMask filtered 




0x20024 


OeGlitchCount(1.*0] 


Supervisor data mode only 




0x28-20. 


06QOtchClkSrc[1:0] 


Supervisor data mode only 




0x30 


DeGfitchSelect 


Supervisor data mode only 


1 


0x34 


MotofCtrtUserModeEnable 


Supervisor data mode only 


1 


Ox38to0x3C 


MotorMastefClkPer{od[1 :0] 


MotorCtrlUserModeEnabie enabled 


1 


0x40 


MotorMasterakSrc 


MotorCtrtUserModeEnable enabled 




0x44 to 0x50 


MotorCtriHigh[3:0] 


MotorCtHUserModeEnabfe enabled 




0x54 to 0x60 


K4otorCtriLowI3:0] 


MotorCtrfUserModeEnatMe enabled 


1 


0x64 to 0x70 


MotorMasterCtkSelect(3 :0] 


MotorCtrlUserModeEnaWe enabled 


1 


0x74 


MotorMasterCtockEnatjIe 


MotorCtilUserModeEnable enabled 




0X78 


LECX^tftUserModeEnaWe 


Supervisor data mode only 




0x60 


LEDDutySelectfO] ; 


LEDCtriU86rModeEnable[0] enabled 




0x84 


LEDOutySelect(lJ 


LEDCtrlUserModeEnable[1) enabled 




0x74 


LE0IXitySelect(2} 


LEDarfU5erModeEnable[2] enabled 




0x88 


LEODutySelect(33 


LEDOtrlUserModeEnabte[3] enableiif 




0X6C 


FreqAnaPinSelect 


Supervisor data mode only 


1 


0x90 


FreqAnaPlnFormSelect 


Supervisor data mode only 




0x94 


FireqAnaLastPeriod 


Supervisor data mode only 




0x98 


FreqAnaAverage 


Supervisor data mode only 




0x9C 


ReqAnaCountlnc 


Super^sor data mode only 


1 


OxAO 


IntemiptSrcSelect 


Supervisor data mode only 


1 


0xA4 


DebugSelect 


Supervisor data mode only 


1 


OxAS-OxAC 


MotorMasterCount 


Supervisor data mode only 



Doc: SoPEC_hardware_design S3 Propiietary Document ^ Nov 2002 

Version: 2.3 Page 146 



SoPEC : Hardware Design 



13.10.3 GPIO partition 




Rgure 43. GPiO partition 



13.10.4 lO control 

The lO control block connects the lO pin drivers to internal signalling based on coniiguxed setup registers 
and debug control signals. 

The motor, LED pins, ISI and LSS control logic: 
// motor and led pins 
for <i=Gj i<14 ; { 

if (debug_cntrl[i] == X) then 

gpio_e{iI « I 

gpio_o(i] = debug_data„out[i] 
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cpu_io„in(iJ = gpio_i[i) 



if (cpu_io_ctrl[iJ == 1) then 



gpio_e(l] = cpu_io_dir [ij 
gpio_o(i) = cpu_io_outCi] 
cpu^io_in[iJ = gpio_i[i] 



else 



// default control 

if ( i < 4 ) then // motor control pins 



gpio_eCiJ « 1 



gpio_o[i] - motor_ctrl (i) 



cpu_io_in[i) = gpio_i(i] 
elsif ( i < 8 ) then // LED pins 

gpio_e{i) » l 

gpio_o(i) « lecSLctrlli] 

cpu_io_inCil = gpio_i[iJ 
elsif (i < 10) then // LSS interface clock pins 

gpio_e(i) = 1 

gpio_o(i] • lss_gpio_clkCi-8) 

cpu„io_in(i3 = gpio_ili] 
elsif (i < 12} then // LSS interface data pins 

gpio_e[i} = lssjgpio_e[i-103 

9Pio_o{i) - lss_jgpio_doli-10) 

lss_gpio_diti-101 .= gpio_i(i) 
else // rsi interface' pins 

gpio_e(i3 e isi_gpio_e(i-12J 

gpio_otil a i8i_gpio_doutti-12] 

isi_gpio.din[i-12) = gpio_i(i) 



The pulse generator logic consists of a 7-bit counter that is incremented on a l|xs pulse from the timers 
block (tim^ulsefOJ). The LED control signal is generated from comparing the count value with the con- 
figured duty cycle for the LED (led_duty_sei). 

The logic is given by: 

for (i=0 i<4 ;i*+) ( // for each LED pin 
// period divided into 8 segments 
period_div8 = cntt6:4]; 

if (period.div8 <= led_duty_sel fil ) then 

led^ctrlCil - 1 
else 

led«Ctrltil « 0 
//in higher half invert the led control 
if (cntI6] a» 1) then 

le<SLctrl(il « - led_ctrltij 

) 

/ / update the counter every lus pulse 
if (tiaupulsefO] == 1) then 
cnt ++ . 



The motor controller consists of 2 coimters, and 4 phase generator logic blocks, one per motor control pin. 
The counters decrement each time a timing pulse (cnt^en) is received. The counters start the configured 
clock period value (motor_mas_clk jjeriod) and decrement to zero. If the counters are enabled (via 
motor_masjolkjenable), the coxmters will automatically restart at the configured clock period value, oth- 
erwise they will wait until the coimters arc re-enabled. 



13.10.5 



LED pulse generator 



13,10.6 



Motor control 
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The timing pulse period is one of pclk, Ijis. lOOiis, 1ms depending on the motor ^masjclkjsel signal. The 
counters are used to derive the phase and duty cycle of the of each motor control pin. 
// decrement logic 
if (cnt_en 1) then 

if ( (mas_cnt == 0) AND (motor_mas_cl)c_enable == 1>) Chen 

mas_cnt = motor_inas_cl)c_periodtl5 : OJ 
elsif ( (raaa^cnt 0> AND (niotor_;aas_cllc_enable 0)) then 

was^cnt e 0 
else 

mas^cnt 
else // hold the value 
mas_cnt = inas_ctit 



motOf_ma8_dk_src "^^L 

tim_pulse{0)- 
tim_pulseCi]- 
timj)ufse(2)- 
1- 



- rnotor_jma8.c(k_perlod[0] ~^ 
inotor.inas_dk.enable[0] 



motor_ctri_Wgh ■ 
motor_ctrl_low < 
nioior^nias.clK.se] • 




molor_fna5_clK..penotf[1 ] — ^^-^ 
motorjmas.dKjeiiableC 1 ] ^ 



> ^4X16 / 



x4 

















Phase 






Generator 









motor_cti1 



► motor_fna8_count 



Figure 44. Motor control RTL diagram 

The phase generator block generates the motor control logic based on the selected clock generator 
(motor^mas_clkj5el) the motor control high tnmsition point {motor jctrlJiigK) and the motor control low 
transition point {motor^ctrljow). There are 4 instances one per motor control pin. 

The logic is given by: 

// select the input counter to use 
if <inotor_^s_clk._eel == 1) then 

count = inos_cntCl] 
else 

count: a inas_cnttO) 
// Generate the phase and duty cycle 

if ( (Biotor_ctrl 1 ) AND (count == motoric t rl_l ow ) ) then 
motor_ctrl « 0 

elsif ( (motor^ctrl == 0) AND (count == niotojr__ctrl_high) ) then 

motor_ctrl = 1 
else 

zRotor^ctrl = motor.ctrl // remain the same 
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13.10.7 Input deglttch 



The input deglitch logic rejects input states of duration less than the configured number of time units 
{deglitch^cnt), input states of greater duration are reflected on the output cpujojnjieglitch. The time 
units used (eidicrpc/fc 1|as, I00|is, 1ms) by the deglitch circuit is selected by the deglitch_clk_src bus. 

There are 2 possible sets of deglitch_cnt and deglitch_clkjsrc that can be used to deglitch the input pins. 
The values used are selected by the deglitch ^el signal. 

Each input pin can be used to generate an interrupt. The interrupt can be generated from the raw input sig- 
nal or a degjitched version of the input The interrupt source is selected by the intemipt_srcjselect signal, 

The counter logic is given by 

if ( cpu_io_in != cpii^io_in_delay) then 

cnt a cleglitcH_cnt 

output_en s 0 
elBif (cnt «== 0 ) then 

cnt « cnt 

output^en ■ 1 
elsif (cnt_en es i) then 

cnt - - 

output_en ~ 0 



cpujojn - 



tlmjHJIse[01- 
tlm_puls©{lj- 
tfctuxilsep]- 
1- 



cJeglitch_dK.sel[0} 
<teglttch.clk_sel(1] 

cisolitcn-cnt(0] 
degHich_cnl{l] 




cpu.io.injdela/ 



Counter 
Logic 



^ 7^ 



^ en 



Compare 



4^ 



ouiput,en 



cpu.io.lnjdeglltch 



Gpu. 

intenupcsrcsel 



__1 



Figure 45. Input. de-glitch RTL diagram 



13.10.8 Frequency Analyser 

The frequency analyzer block monitors a selected input pin (selected by FreqAnaPinSelect and FreqAnaP- 
inFormSet) and detects positive edges. Between successive positive edges detected on the input pin it 
increments a counter by a programmed amount (FreqAnaCountInc) on each clock cycle. When a positive 
edge is detected the FreqAnaLastPeriod register is updated with the top 16 bits of the counter and the 
counter is reset. The frequency analyser also maintains a running average of the FreqAnaLastPeriod regis- 
ter. Each time a positve edge is detected on the input pin the FreqAnaAverage register is updated with Ae 
new calculated FreqAnaLastPeriod, The average is calculated as 7/8 the current value plus 1/8 of the new 
value. Both Uie FreqAnaLastPeriod and FreqAnaAverage registers can be written to by the CPU: 
The pseudocode is given by 

if (<pin == 1) AND pin_dolay ) ) then // positive edge detected 

fre<j_an«_lastperiod = count [31: 16] 

freq_ena_average = f req„ana_average - frea.ana.average/8 + f req__ana__lascperiod/8 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 150 



SoPEC : Hardware Design 



count c 0 
else 

count = count + freQ_ana_count_inc 
// implement the configuration register write 
if (wr_last_en 1) then 

freq_ana_lastperiod = wr_data 
elsif (vrr_average_en i ) then 

f req_ana_average = wr^data 



cpu_te_rn_degfitch( 1 3.-0| 



cpu_k>_inI13:0J 



freq_ana^_pln_kxin_88l 
freq.ana^truse^d:0] 




wr.dataC15.i)] ■ J? 

«vr_tast.en 

wr^averags_en ■ ' - ■ 
freq.an8L.oounUnc — 



Analyser Logic 



16 



16 



oount 



32 



n 



Figure 46. Frequency analyser RTL diagram 



(req_ana_lasLperfod[15.*0] 



freqjana.av8mge[l 5:0] 
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14 Interrupt Controller Unit (ICU) 



The interrupt controUer accepts up to N input interrupt sources, determines their priority, arbitrates based 
on the highest priority and generates an interrupt request to the CPU. The ICU complies with the interrupt 
acknowledge protocol of the CPU. Once the CPU accepts an intemipt (i.e. processing of its service routine 
begins) the interrupt controller will assert the next arbitrated interrupt if one is pending. 

Each interrupt source has a fixed vector number N, and an associated configuration register, IntRegmi 
The format of the IntR^fNJ register is shown in Table 46 below. 



Table 46. fntReg[N] register format 



|iiL5aLij3riS^aLh£3 






Priority 


7:0 


Interrupt priority 


Type 


9:6 


Deternfiines the triggering cond]tion$ for the Interrupt 
00- Positive edge 
10- Negative edge 
01 - Positive level 
1 1 - Negative level 


Mask 


10 


Mask bit 

1 - Interrupts from this source are enabled, 
0 - Interrupts from this source are dlsat>(ed. 

Note that there may be additional masks in operation at the source of the 
interrupt 


Reserved 


31:11 


Reserved. Write as 0. 



^Lx^ lui^^iiupi i^uuiTuiicr aeiennines ine pnonty ana maps the programmed pri- 

onty to the available CPU priority levels, and then issues an interrupt to the CPU. The mapping of pro- 
grammed priority to native interrupt levels will be fixed, and is dependent on CPU choice. 
For example for the LEON CPU Acre are 15 levels available which would allow 16 sub-priorities per level 
(as each level is m itself a priority). In this case priorities 255-240 map to level 15, 240-224 to level 14 and 
so on, with pnonties 15-0 corresponding to level 0, Level 0 is no interrupt Level 15 is the highest intemipt 



14.1 INTERRUPT PREEMPTION 



There are two types of pre-emption possible: standard LEON preemption and SoPEC pending pre-emp- 
tion. With standard LEON pre-emption an interrupt can only be pre-empted by an mtenupt with a higher 
pnonty level. If an mteniipt with the same priority level (1 to 15) as the intenupt being serviced becomes 
pendmg then it is not acknowledged until the cun-ent service routine has completed. The SoPEC pending 
pre-emption is an extension of the standard LEON scheme which is made possible by the proerammable 
pnonty levels in the /nr^^/A?/ register. 

Interrupts with a higher sub-priority will pre-empt interrupts with a lower sub-priority but the same prior- 
ity level mappmg. if the interrupt has not been acknowledged by the CPU i.e. it is still pending. If an inter- 
rupt with a higher sub-priority amves while an interrupt with a lower sub-priority at the same level is 
being serviced then it wUl not be serviced until the lower sub-priority service routine has completed. 

Thus when pre-emption is required, interrupts should be programmed to different levels as interrupt prior- 
ities of the same level have no guaranteed servicing order. 

The intenrupt is directly acknowledged by the CPU and the ICU automatically clears the pending bit of 
acknowledged interrupts. 
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All intemipt controller registers are only accessible in supervisor data mode. If the user code wishes to 
mask an intemipt it must request this from the supervisor and the supervisor software will resolve user 
access levels. 



14.2 Interrupt sources 

The mapping of intemipt sources to interrupt vectors (and therefore IntReg[N] registers) is shown in 
Table 47 below. Please refer to the appropriate section of this specification for more details of the interrupt 
sources. 



Table 47. Interrupt sources vector table 









0 


Timers 


WatchDog Tinner Up<late request 


1 


Timers 


Generic Timer 1 interrupt 


2 


Timers 


Generic Timer 2 Intemipt 


3 


Timers 


Generic Timer 3 Interrupt 


4-17 


GPtO 


GPtO general Interrupt, source pin 0 -13 


18 


MMU 


MMU Security violation 


19 


SCB 


USB interrupt 


20 


SCB 


ISI interrupt 


21 


SCB 


DMA interrupt 


22 


LSS 


L^S interrupt. L^S interface 0 intenupt request 


23 


LSS 


t^S tnterrupt. LSS Interface 1 interrupt request 


24 


PCU 


PEP Sul>'System Interrupt- CDU finished l>and 


25 


PCU 


PEP Sub-system interrupt- CDU error 


26 


PCU 


PEP Sulysystem Intenupt- l_BD finished band 


27 


PCU 


PEP Suty-system Interrupt- TE finished band 


28 


PCU 


PEP Sub-system Interrupt- PCU finistied band 


29 


PCU 


PEP Sub-system Interrupt- PCU Invalid address interrupt 


30 


PCU 


PEP Sub-system Interrupt- PHI Buffer underrun 


31 


PCU 


PEP Sub-system Interrupt- PHI Page finished 


32 


PCU 


PEP Sub-system Interrupt- PHI Print ready 


33 


PHI 


PEP Sub-system Interrupt- PHI Une Sync Intemipt 
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14.3 IMPLEMENTATJON 

14.3.1 Definitions pf I/O 

Table 48. Interrupt Controller Unit I/O definition 



Clocks and Resets 



pcfk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


CPU Interface 


cpu_adrt7:2J 


6 


In 


CPU address bus. Only 6 bits are required to decode the 
address space for the ICU block 


cpu_dataout[31K)] 


32 


In 


Shared write data bus from the CPU 


teu_cpu_data(31.-0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu.icu^se! 


1 


In 


Block select from the CPU. When cpu^fcu^set'ia high both 
cpii^ad'rand cpu_dataout are valid 


icu_cpu_nJy 


1 


Out 


Ready signal to the CPU. When iajucpu^rdyls high it indi- 
cates the last cyde of the access. For a write cycle this 
means cpujciataout has been registered by the ICU block 
and for a read cyde this means the data on icu cpu data is 
valid. 


lcu_cpu_DeveI(3:0] 


4 


Cut 


Indicates the priority level of the current active interrupt 


cpu^iack 


1 


Out 


Interrupt request acknowledge from the LEON core. 


cpti-lcuJlevei[3K)l 


4 


In 


Interrupt acknowledged level from the LEON core 


teujcpu_berr 


1 


Out 


Bus error signal to the CPU indtoating an invalid access. 


cpu.ecode(l:0] 


2 


In 


CPU Access Code signals. These decode as foDows: 

00 • User program access 

01 - User data access 

10 - Supervisor program access 

11 - Supervisor data access 


lcu.cpu_<lebug_valld 




Out 


Debug Data v&Hd on teu_Gpu^dala bus. Active high 


Intenrupts 


tlmjcu_wdjrq 




In 


Watchdog timer interrupt signal from the Timers blodc 


timJcuJrcrt2-'0] 




In 


Generk: timer interrupt signals from the Timers block 


0pio_icuJrqI13:0] 


14 


In 


GPIO pin Interrupts 


fnmujcujrq 




tn 


Memory Managennem Unit intemipt 


usb_icujrq 




In 


USB interrupt from the SC6 


feijcujrq 




(n 


ISI interrupt from the SC6 


dmajcujrq 




tn 


DMA interrupt from the SCB 


iss.icu Jrq[1 .-0] 




In 


LSS interface interrupt request 


cdu_finishe dband 




In 


Finished band Intermpt request from the COU 


cdujcujpegerror 




In 


JPEQ error Interrupt from the CDU 


Ibd.finishedband 




In 


Rnished band interrupt request from the LBD 


te^flnishedband 




In 


Rnished band interrupt request from the TE 


pcu_finfshedband 




In 


Finished band interrupt request from the PCU 


pcujcu.addressJnvalNf 




In 


Invaiki address interrupt request from the PCU 
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Table 48. Interrupt Controller Unit I/O definition 











pni_ico_unaerrun 


1 


In 


Buffer underrun interrupt request from the PHI 


pWJcu_paQe_finish 


1 


In 


Page finished Interrupt request from the PHI 


phLlcu_pi1nt_rdy 


1 


In 


Print ready Interrupt request from the PHI 


phLicuJ{nesyncJnt 


1 


In 


Une sync Interrupt request from the PHI 



14.3.2 Configuration registers 

The configuration registers in the ICU are programmed via the CPU interface. Refer to section 1 1.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the ICU. 
Note that since addresses in SoPEC are byte aUgned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of tiie CPU address bus are not required to decode the address space for the ICU. 
When reading a register that is less than 32 bits wide zeros should be returned on the i^>per unused bit(s) 
of icu^cu^data. Table 49 lists the configuratioa registers in the ICU block. 

The ICU block will only allow supervisor data mode accesses (i.e. epujacode[l:OJ = 
SUPERVISOR_DATA), All other accesses will result in icu^cpujberr being asserted. ~ 



Table 49. ICU Register Map 













0x00 • 0x84 


lntReQ[33:0] 


34x11 


0x000 


Interrupt vector configuration register 


0x86-0x8C 


Intaearf1:0] 


2x32 


0x0000 
JOOOO 


Interrupt pending clear register. If wntten with a one 
it dears corresponding interrupt 
tntCleartO] - Interrupts sources 31 to 0 
IntCleartI] - Interrupts source 33 to 32 


0x90-0x94 


lntPendlng(1:0] 


2x32 


0x0000 
_0000 


Interrupt pending register. (Read Only) 
IntPendinglO] - Interrupts sources 31 to 0 
lntPiendlng[1] - Intenupts source 33 to 32 


0x98 


IntSource 


6 


0x00 


Indicates the bitenupt source of the current winning 
acth/e interrupt. (Read Only) 


OxdC 


DebugSelect 


6 


0x00 


Debug address select Indicates the address of the 
register to report on the icu_cpujtlata bus when N 
is not othefwise being used. 
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14.3.3 ICU partition 



.Ira- 
!:0|' 
1:0- 



timjcu_wd Ir 
tim_lcujrq[2: ' 
gpio_icuJnq[i3:_, 
fTimu_teuJrq 
usb^lcujrq 
tel-teujrq 
dma^icujrq 
lssjcujrq[i:01 
cdu_finishodband 
odujcvjpegenor 
Ibd.finishedband 
te.finishedband 
pcu.firtishedband 
pcu_icu_eddress.1nva{id 
phLteu_page_flnish 
phUcu_print_«*y 

pW-lcwJInesync.lnt 



lnt_sro ^ 



x34 



Interrupt 
detect 



34x12 



cpuJnLctear 



Configu ration 
registers 



A 4 A 



i 



i 



.'2 



CPU 



tnterrupt 
arbiter 



Interrupt 
controller 



A 4 



I 



Figure 47. ICU partition 



14.3.4 



Interrupt detect 

The £CU contains multiple instances of the intermpt detect block, one per interrupt source. The interrupt 
detect block examines the intemqjt source signal, and detennines whedier it should generate request pend- 
ing iint^end) based on the configured interrupt type and the interrupt source conditions. If the interrupt is 
not masked the interrupt will be reflected to the interrupt arbiter via the int_active signal Once an interrupt 
IS pending it remains pending until the interrupt is accepted by the CPU or it is level sensitive and gets 
removed Masking a pending interrupt has the effect of removing the intem^)t from aibitrarion but the 
interrupt will still remain pending. 

When the CPU accepts the interrupt (using the normal ISR mechanism), the interrupt controller automati- 
cally generates an interrupt clear for that interrupt source {cpujnt_clear). Alternatively if the interrupt is 
masked, the CPU can determine pending interrupts by polling the IntPending registers. Any active pending 
mtenupts can be cleared by the CPU without using an ISR via Ae IntCIear registers. 



The logic is shown below: 
«nask « int_configtlO] 

type = int:_config[9:8] 

int_priority = int_conf ig(7 :03 
int_pend = last_int_pend 
// update the pending FF 
if ((int_cleor == 1 )OR (cpu_int_clearc=l) ) then 

inc jend = 0 
// test for inter-rupt condition 

if ((type =^ NEG^LEVEL ) AND (int_src 0) then 



// the last pending interrupt 
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int_pend = 1 
elsif ((type == POS_LEVEL) AND (int_src 1) 
int_pend = 1 

elsif ((type NEG_EDGE > AND ( int_src == 1) AND {last_int_src == 0>) 

int_pend =1 ~ 
elsif ((type POS_EDGE ) AND (int_src == 0) AND (last_int_src -= 1)> 

int_pend = 1 
else 

int_pend - last_int_src // stay the same as before 
// mask the pending bit 
if (mask o= 1) then 

int_active = int_pend 
else 

int_active = 0 
// assign the registers 
last_int_src = int_src 
last.int^end a intjend 

1 4.3.5 Intemjpt arbiter 

The interrupt arbiter logic arbitrates a winning interrupt request from multiple pending requests based on 
configured priority. It generates the interrupt to the CPU by setting icu^cpujlevel to a non-zero value. The 
priority of the interrupt is reflected by tiie value assigned to icu^cpujlevel the higher the value the higher 
the priority, 1 5 being the highest. The current winning intenrupt and is reported to the CPU via tiie IntSrc 
register generated in the interrupt arbiter block. 

// arbitrate based on priority 
if (arb^enable == 1 ) then 

// arbitrate with the current winner 
win_int_priority = 0 
int^src = o 

int^request « 0 

for (iaO; i<34;i++) { 

if ( int_active(i) l) then ( 

if (int_priority[i] > win_int_priority > then 
win_int^riority = int_priority [il 
int_src = i 

int_re<xuest e i 

} 

) 

. > . 

// assign the CPU interrupt level 
int.ilevel « int_priority (int.src) [7:41 
) 

14.3.6 Interrupt control !er 

The interrupt controller is responsible for generating the intenupt to the CPU, accepting the interrupt 
acknowledge from the CPU and clearing the interrupt source pending bit 
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The exact procedure is CPU dependent, but examples are given for the LEON processor. See section 1 1.9 
on page 98 for a complete description of the interrupt handling procedure. 



<: 



Reset 



int requefi<=in 



1 



arb.snable = 1 



Int rqquest^l 



Machine remains in same state by defeuft 
AO outputs are zero unless otherwise stated 

State Description: 

Reset : Normal reset state 

IntPend: Interrupt pending, wahing for CPU acknowledge 

IntClean Interrupt dear, dear the pending bit for the 
current interrupt vector 



CPU fack=1 AND 

CPU leu itevet=knj cau BmI 



y arb_enable«0 



Figure 48. Interrupt controller state diagram 

After reset the intcmipt controller remains in the Reset state until the interrupt aibiter indicates that there is 
an active inteirupt pending iint,jneguest equal 1). The state machine goes to the IntPend state and signals to 
the CPU that an interrupt is pending. The machine will remain in the IntPend state until the interrupt is 
acknowledged by the CPU or the pending interrupt condition is removed. 

When the internet is acknowledged the state machine goes to the IntClear state to clear tiie pending bit of 
the interrupt source. 

On completion tiie state machine returns to the Reset state and again waits for the next pending interrupt 
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15 Timers Block (TIM) 

The Timers block contains general puipose timers, a watchdog timer and timing pulse generator for use in 
other sections of SoPEC. 



15.1 Watchdog timer 



The watchdog timer is a 32 bit counter value which counts down each time a timing pulse is received. The 
period of the timing pulse is selected by the WatchDogUnitSel register. The value at any time can be read 
from the WatchDogTimer register and the counter can be reset by writing a non-zero value to the register. 
Should the counter reach 1, a system wide reset will be triggered as if the reset came from a hardware pin. 

The watchdog timer can be polled by the CPU and reset each time it gets close to 1» or alternatively a 
. threshold {WatchDoglntThres) can be set to trigger an intenupt for the watchdog timer to be serviced by 
the CPU. This intenupt can be effectively masked by setting the threshold to zero. The watchdog timer can 
be disabled, without causing a reset, by writing zero to the WatchDogTimer register. 



1 5.2 Timing pulse generator 



The timing block contains a timing pulse generator clocked by the system clock, used to generate' timing 
pulses of 1|AS« lOOiiS and 10ms. Each pulse is of one system clock duration and is active high, with the 
pulse period accurate to the system clock frequency. 

The timing pulse generator also contains a 64-bit free running counters that can be read or reset by access- 
ing the f>eeRunCount register. 



15.3 Generic timers 

SoPEC contains 3 programmable generic timing counters, for use by the CPU to time the system. The tim- 
ers are programmed to a particular value and count down each time a timing pulse is received. If a particu- 
I lar timer decrements to 0, then an interrupt is generated. The counter can be programmed to automatically 

restart the count, or wait until re-programmed by the CPU. At any time the status of the coimter can be 
read from CenCruValue, or can be reset by writing to GenCntValue register. The auto- restart is activated 
by setting the CenCntAuto register, when activated the counter restarts at GenCntStartValue, A counter 
can be stopped or started at any time, without affecting the contents of die GenCntValue register, by writ- 
ing a 1 or 0 to the relevent GenCntEnable register. 
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15.4 Implementation 

15.4.1 Definitions of I/O 



Table 50. Timers bloeic I/O definition 





SIS 






Clocks and Resets 


pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


timj3ulse(2:0] 


3 


Out 


Timers block generated timing pulses, eactt one pdk wide 

0- 1)is pulse 

1 - 100 lis pulse 

2 - 10ms pulse 


CPU Interface 


cpu_adf(6:2) 


5 


In 


CPU address bus. Only 5 bits are required to decode the 
address space for the ICU t>Iock 


cpu.dataout[31 :0] 


32 


In 


Shared write data t3us from the CPU 


tim.cpu.data[31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_tim_sel 


1 


In 


Block select from the CPU. When £pu_f»n_sa/is high t>oth 
cpc/_adr and cpi/.dataouf are valid 


tin>_cpu_fdy 


1 


Out 


Ready signal to the CPU. When Wnjcpu^tdyls high It indi- 
cates the last cycle of the access. For a write cycle this 
means cpu.dataoof has been registered by the TIM btock 
and for a read cyde this means the data on ttm^cpu_data is 
vaUd. 


tfm_cpu_berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


cpu.acode(1:0] 


2 


In 


CPU Access Code signals. These decode as folk>ws: 

00 - User program access 

01 - User data access 

10 ' Supervisor program access 

11 - Supervisor data access 


tim_cpu_debug.valid 


1 


Out 


Oetxjg Data vaUd on tini_cpu^</ata bus. Active high 


Miscellaneous 


tim_lcu_wd_liq 


1 


Out 


Watchdog timer interrupt signal to the ICU btock 


tim_lcu_irq[2:0] 


3 


Out 


Generic timer interrupt signals to the ICU block 


tim_cpr_reset_ri 


1 


Out 


Watch dog timer system reset. 



Doc; SoPEC_hardwaro_design S3 Proprietary Document 

Version: 2.3 



«p29 Nov 2002 
Page 160 



SoPEC : Hardware Design 



1 5.4.2 Timers sub-block partition 



CPU 





cpu_tim_.sel 






cpu^dataout 


^ 




tini_cpu_fdy 




4- 


tim_cpu.(lata 




4- 


cpu^fwa 






CPU aoodft 


^ 




tim_cpu_berr 




4- 
4- 


tim _ CDu dabuQ valid 





7- 


ireo_run_cnt 




lree_fun_data 




free_run_wen 




freedom adr 


► 

k 



s 
1 

<s 



Timing pulse 
generator 



wrtog tim,ttirRS 



wdoq unit set 



wd09_wen 



%tfctoQ_tim data 



wdOQ_tfm_cnt 



ggn tim gn 



4- 



-> tifnj9ulse[2:0] 



Watchdog 
timer 



tim_fcu_wd_lfq 



— ► tinijcpr_n}9es_n 





flflfi.AiPit aof 


— T" 


— ♦ 
— ► 




own wen. 








aan ttm data 




— ► 


4 


aen_tlnii_cnt 




— ► 




aen_tlni_cnt_si_valiie ^ 










— # 



Generic 
timers 



••tmuteo_iiqI2:0J 



Figure 49. Timers sub-block partition diagram 



15.4.3 Watchdog timer 



The watchdog timer counts down from pre-programmed value, and generates a system wide reset when 

equal to one. When the counter passes a pre-programmed threshold {wdogjtimjthres) value an inten\q>t is 

generated (tun_icu_wd_irq) requesting d^e CPU to update the counten Setting the counter to zero disables 

the watchdog reset. In supervisor mode the watchdog counter can be written to or read from at any time, in 

user mode access is denied. Any accesses in user mode will generate a bus error. 
2^ 

wdog_uni|jsel~7^ — -1 

tbn_puls6l0) 

tini_putse(1] 
tlm^piilsep] 
1 



wdog.wen 
wdog_tim_data 




tim«q)r„rBsat_n 
^ wtSog^tim^cm 



Figure 50. Watchdog timer RH. diagram 



The counter logic is given by 
i£ <wdog_wen s= 1) then 

wdog_tiiiucnt « wdog.tiiiL.<3ata 
elsi£ ( wdog_tijiL.cnt O) tihen 

wdog^tinucnt « wdog^tinucnt 
elsif ( cnt.en =3 1 ) then 



// load new data 
// count disabled 
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wdog^t indent — 
else 

wdog_tim_cnt = wdog_tiiiL_cnt 

The timer decode logic is 

if <( wdog_tiin_cnt: == \wJog_tim-thres) AND (wdog_tinucnt != 0 )) then 

tiiiv„icu_wd_irq c i 
else 

tinuicu_w4_irq = 0 
// reset generator logic 
if (wdog_tixiv_cnt == 1) then 

tiiiL.cpr_reset_n = 0 
else 

tiiiucpr_reset.n = 1 



1 5.4.4 Generic timers 



The generic timers block consists of 3 identical counters. A timer is set to a pre-configured value (GenCnt- 
StartValue) and counts down once per selected timing pulse (jgen_unit_sel). The timer can be enabled or 
disabled at any time (genjtim^en), when disabled the counter is stopped but not cleared. The timer can be 
set to automatically restart (gen^iim^auto) after it hits zero. In supervisor mode a timer can be written to or 
read from at any time» in user mode access is determined by the CenCntUserModeEnable register settings. 

trm.^$e(0] 
tIin.4Xf(se[i] 
tkn_4Milse[2] 
1 

geruwen 

• g8n_tim_data y ►[ L<i^ic ' Decode I ^ tim_lcu^lfq 

gen_tini_en ^ 
gea.liin.auto 




gen^timjcnt 



Figure 51. Generic linrier RTL diagram 

The counter logic is given by 

if (gen_wen a« i) then 

'gen_tiiti_cnt = gen_tiirudata 
elsif (( cnt_en «c 1 )AND (gen_tim_en == 1 ) ) then 



if ( gen_tiitL_cnt == 
If (gen^tiin_auto 
gen_tiin_cnt e 
else 

gei>_t indent « 
else 

gen^tinucnt — 

else 

gen_tim_cnt = gen_tiiit_cnt 

The decode logic is 

if ( gen_t inucnt 1) then 

tiiA^icu^irq = 1 
else 

tinuicu^irq = 0 



0) then 
as 1) then 

gen_t inL.cnt_s t.value 
g"en_tiitL.cnt 



// counter may need re-starting 
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15.4.5 Timing pulse generator 

The timing pulse generator contains a general free running 64-bit timer and 3 timing pulse generators pro- 
ducing timing pulses of one cycle duration with a period of l^s, lOO^s and 1ms. In supervisor mode the 
free running timer register can be written to or read from at any time, in user mode access is denied. The 
status of each of the Ijas, lOOjis and 1ms timer can be read by accessing the JlmerPulseStatus registers.. 
Any accesses in user mode will result in a bus error. The status of each of the l^s, lOOiis and 1ms timer 
can be read by accessing the HmerPulseStatus register in supeivisor mode. 



Free Run Timer 



free_f un_wen 

free_runi_dala — ^ ^ 
fr8e_nja.adf — ^ 




1us Timer 



Decrement 
Logic lus 



100US Tim sr 



pulse.lus ' 



Decrement 
Logic lOOus 



puise.iOOus • 



Decrement 
Logic 10ms 



1 0ms Time ' 
4 



> Compare 



pube„lus ^ tIm_pulse(P] 



Compare 



pufse^ioous . 

=- #> tlmj]ulse[i] 



CompafB 



» tinuputsepl 



pulse J&ner.stafus 



ttm_pu!s6[2:0>- 

Figure 52, Pulse generator RTL diagram 



f 5.4.5- f Free Run Timer 

The increment logic block increments the timer count on each clock cycle. The counter wraps around to 
zero and continues incrementing if overflow occurs. When the timing register (FreeRunCount) is written 
to, the configuration registers block will set the freejrun^en high for a clock cycle and the value on 
Jree_run_data will become the new count value, for the 32 bits selected by the free^run_{idr signal. If 
Jree_run_adr is 1 the higher 32 bits of the counter will be written to, otherwise the lower 32 bits are writ- 
ten to. It is the responsibility of software to handle these writes in a sensible manner. 

The increment logic is given by 

if ( f ree_run_wen == 1) then 
if ( f ree_run_adr «« 1) then 

f ree_run_cnt (63:32] = f ree_run_data 
else 

£ree_run_cnt.[31;0J « f ree_r\m_<iata 

else 
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free_run_cnc 



15.4.5.2 Puise Timers 



The pulse timer logic generates timing pulses of 1 clock cycle length and period of 1^» 100|is and 1ms. 

The logic for the 1 (is timer is given by: 

// lus generator 

if (pul8B_lus_cnt «=- 0 ) then 

pulse_lus_cnt = 159 

pulse_lu8 = 1 
else 

pulse_lus_cnt — 

pulse^lus = 0 

The logic for lOOjis timer is given by: 

// lOOus generator 

if ( (pulse_100us_cnt == 0 ) AND (pulse.lus »« 1)> then 

pulse^lOOus^cnt - 99 

pul8O_100us = 1 

els if (pulse_lus == 1) then 

pulse^lOOus.cnt — 

pulse.iOOus 0 
else 

pulse_lOOus_cnt — 
pulse_100ua = 0 

The logic for the lOms timer is given by: 
// lOms generator 

if ( (pulse.lOms.cnt == 0 ) AND (pulae^lOOus »= 1) ) then 

pulse^lOms.cnt = 99 

pulae_10zns & 1 

elsif (pulse.lOOus == 1) then 

pulse_10ms_cnt — 

pulse.lQma » 0 

else 

pulse.lOms^cnt — 
pulse_10ms = 0 



The configuration registers in the TIM are programmed via the CPU interface. Refer to section 1 1.4.3 on 
page 70. for a description of the protocol and timing diagrams for reading and writing registers in the TIM. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the TIM. 



15.4.6 Configuration registers 
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When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of iim^cujdata. Table 51 lists the configuration registers in the TIM block . 



Table 51. Timers Register Map 





11^^ 






^^^^^^^^^ 


0x00 


WatchDogUnitSel 


3 


0x0 


Specifies the units used (br the watchdog 
timer: 

0 - 1 }xs pulse 

1 • 100 lis pulse 

2 • 10 ms pulse 
3-pd!fr 


0x04 


WatchDogTimer 


32 


OxFFFF 
_FFFF 


Specifies the number of units to count before 
watchdog timer triggers. 


0x08 


WatchDoglntThres 


32 


0x0000 
,0000 


Specifies the threshold value below which the 
watchdog Hmer issues an intenupt 


OxOC^>x10 


ReeRunCount(1 .-0] 


2x32 


0x0000 
_0000 


Direct access to the free running counter reg- 
ister. 

Bus 0 - Access to bits 31-0 
Bus 1 - Access to bits 63-32 


0x14 to 0x1 C 


GenCntStartVatue[2.-0] 


3X32 


0x0000 
_0000 


Generic timer counter start value, numt>er of 
units to count belbre event 


0x20 to 0x28 


GenCntValue(2:0] 


3x32 


0x0000 
.0000 


Direct access to generic timer counter regis* 
ters 


0x2C to0x34 


l90ilwnXWI1llOdl4C.UJ 


oxz 


0x0 


Generic counter unit select. Selects the timing 
units used with con-esportding counter 
0 - 1 )is pulse 

2- lOmsputse 

3- pcffc 


0x38 to 0x40 


QenCntAuto[2:0] 


3x1 


0x0 


Generic counter auto re-start select When 
high timer automaticaJly restarts, otherwise 
timer stops. 


0x44 to 0x4C 


GenCntEnable[2X)l 


3x1 


0x0 


Generic counter enable. 

0 - Counter disabled 

1 - Counter enabled 


0x50 


GenCntUserModeCnable 


3 


0x0 


User Mode Access enable to generic timer 
configuration register. When 1 user access is 

enabled. 

6rt 0 - Generic timer 0 
Bit 1 - Generic timer 1 
Bit 2 - Generic timer 2 


0x54 


OebugSeiect 


6 


0x00 


DetHjg address select. Indicates the address 
of the register to report on the tim_cpu_data 
bus when it is not otherwise being used. 


Read Only Registers 


0x58 


PulseTimerStatus 


24 


0x00 


Current pulse timer values, and pulses 

6:0 - 1 us timer count 

7 >1 us pulse 

14:8 - lOOus timer count 

15 -lOOus pulse 

22:16- 10ms timer count 

23 - 10 nrrs pulse 
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15.4.6,1 Supervisor and user mode access 

The configuration registers block examines the CPU access type {cpu_acode signal) and determines if the 
access is allowed to that particular register, based on configured user access registers. If an access is not 
allowed the block will issue a bus error by asserting the tim^cpujberr signal. 

The timers block is fully accessible in supervisor data mode, ail registers can written to and read from. In 
user mode access is denied to all registers in the block except for the generic timer configuration registers 
that are granted user data access. User data access for a generic timer is granted by setting corresponding 
bit in the GenCntUserModeEnable register. This can only be changed in supervisor data mode. If a partic- 
ular timer is granted user data access then all registers for configuring that timer will be accessible. For 
example if timer 0 is granted user data access the GenCntStartValuefO] , GenCntUnitSelfO], GenCn- 
tAutofOJ, GenCntEnabiefOJ and GenCntValue[OJ registers can all be written to and read from without any 
restriction. 

Attempts to access a user data mode disabled timer configuration register will result in a bus error. 

Table 52 details the access modes allowed for registers in the TIM block. In supervisor data mode all reg- 
isters are accessable. All forbidden accesses will result in a bus error (tim^cpujberr asserted). 

Table 52. TIM supervisor and user access modes 









0x00 


WatchDogUnitSel 


Supervisor data mode only 


0x04 


WatchOogTiiner 


Supervisor data mode only 


0x08 


Watch DoglnfThres 


Supervisor data mode only 


OxOC-OxlO 


Free RunCouni 


Supervisor data mode onJy 


0x14 


GenCntStartVafue[0] 


GenCntUserModeEnab(e[0] 


0x18 


GenCntStartValue[1] 


GenCntUserMode&iabre(1] 


0x1 C 


GenCntStartValue[2] 


GenCntUserMode£nable[2] 


0x20 


GenCntVatue[0] 


GenCntU5erMode£nable(0] 


0x24 


GenCntVUueni 


GenCntUserMocleEhab(e[1 ] 


0x28 


GenCntVaJue[2] 


GenCntUserMode Enable[2} 


0x2C 


GenCntUnitSel[0] 


GenCntUserModeEnaWetOJ 


0x30 


GenCntUnHSetl] 


GenCntUserfAodeEnabJe[1J 


0x34 


GenCntUnitSelig 


G enCntUserModeEnable[2] 


0x38 


GenCntAAJto[0] 


GenCntUserMode EnaWefOl 


0x3C 


GenCntAuto{l] 


GenCntUserModeEnabiell] 


0x40 


GenCntAuto(2l 


QenCntUserModeEnabJe(2) 


0x44 


GenCntEnabletO] 


GenCntUserlModaEnabie(0] 


0x48 


GenCntEnable(1] 


GenCntUserModeEnable[1 ] 


0x4C 


GenCntEnab!e[2] 


GenCntUserModeEnabte;2j 


0x50 


GenCntUserModeEnabre 


Supervisor data mode onty 


0x54 


DebugSelect 


Supervisor data mode only 


0x58 


PulseTlmerStatus 


Supervisor data mode only 
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16 Clocking, Power and Reset (CPR) 

The CPR block provides all of the clock, power enable and reset signals to the SoPEC device. 

1 6.1 POWERDOWN MODES 

The CPR block is capable of powering down certain sections of the SoPEC device. When a section is pow- 
ered down (i,e. put in sleep mode) no state is retained, die CPU must re-initialize the section before it can 
be used again. The exact powerdown mechanism is undefined and is technology dependent. 
For the purpose of powerdown the SoPEC device is divided mto sections: 



Table 53. Powerdown sectioning 







m 


Print Engine Pipeline Subsystem 
(Section 0) 


CDU 


CPU 








SPU 




TE 




TFU . 




HCU 




DNC 




DWU 




LLU 




PHI 


CPU-DRAM (Section 1) 


ORAM 




CPU/MMU 




Dig 




TIM 




ROM 




LSS Interface 


Comms Subsystem (Section 2) 


USB 




ISt 




DMAC^ri 




GPIO 




PSS 




ICU 



16.1.1 Sleep mode 

Each section can be put into sleep mode by setting the corresponding bit in the SleepModeEnable register. 
To re-enable the section the sleep mode bit needs to be cleared and then the section should be reset by 
writing to the relevant bit in the ResetSection register. Each block within the section should then be re-con- 
figured by the CPU. 

I If the CPU system is put into sleep mode, the SoPEC device will remain in sleep mode until a system level 

reset is initiated from the reset pin, or a wakeup reset by the SCB block as a result of activity on either the 
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USB or ISI bus. If all sections are put into sleep mode, then only a system level reset initiated by the reset 
pin will re-activate the SoPEC device. 

Like ail software resets in SoPEC the ResetSection register is active-low i.e. a 0 should be written to each 
bit position requiring a reset. The ResetSection register is self-reseting. 

16.2 Reset SOURCE 

The SoPEC device can be reset by a number of sources. When a reset from an internal soxirce is intiated 
the reset source register (ResetSrc) stores the reset source value* This register can then be used by the CPU 
to determine the type of boot sequence required. 

16.3 Clock RELATIONSHIP 

* 

The crystal oscillator excites a 32MHz ciystal through the xtalin and xtalout pins. The 32MH2 output is 
used by the PLL to derive the master VCO frequency of 960MH2. The master clock is then divided to pro- 
duce 320MH2 clock iclk32Cf), 160MHz clock {clkl6G), 105MHz clock {dklOS) and 48MHz (filk4S) clock 
sources. 

The phase relationship of each clock from the PLL will be defined. The relationship of internal clocks 
clk320, clklOe, clk48 and clki 60 to xtalin will be undefined The clock tree generation should create inser- 
tion delays so as to compensate for the phase difference of the clocks leaving the PLL. At the output of the 
clock block, the skew between eachpc/^ domain (pclk^ectionp:OJ and Jclk) should be within skew toler- 
ances of then: respective domains (defined as less than the hold time of a D-typc flip flop). 

The skew between daclk and phicik shoijld also be less than the skew tolerances of their respective 
domains. 

The usbclk is derived from the PLL output and has no relationship with the other clocks in the system and 
is considered asynchronous. 
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There is no skew requirement between the pclk domains and tiie doclk and phicik domains, they are con- 
sidered essentially asynchronous to each other. 



1.04ns 



PLL Master Clock 



njMimjuinnnnjiiumjiiMi^^ 



Clk320 



dodk 



dKl60 



jdk 



dkioe 



phidk 



cflc320 PLL phft5o shift 



(SocSk insertfon do lay 



1 



J 



1 



V dkl 06 PLL phase shift 



J~ — L 



t4 ► ! dkl eo PLL phase shift 

— \ \ — I r 

Pdk/Jdk insertion delay 



1 



T—J — L 



i '^ H phldiclnsertoh delay 

Figure 53. SoPEC clock relationship 
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16,4 iMPLEMENTATiOi^ 
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16.4.1 Definmons of I/O 

Table 54. CPR UO definition 











Clocks and Resets 


xtalin 


1 


In 


Crystat input, direct from lO pin. 


xtalout 




Out 


Crystal output, direct to 10 pin. 


pclk_S6Ctionf2:0] 




Out 


System docks for each section 


phidk 




Out 


Printhead interface dock (dodK/3) for the PHI tUxk 


doclk 




Out 


Data out dock (2x pdk) for the PHI block 


jclk 




Out 


Gated versk>n of system dock used to clock the JPEG decoder 
core in the COU 


usbdk 




Out 


USB dock at 3 times the crystal input frequency, nominally at 4a 
Mhz 


Jcrk_enable 




In 


Gating signal for jdk. 


reset_n 




In 


Reset signal from the i9SeLn pin 


usb_cpr_reseUn 




In 


Reset signal from the USB tilock 


isl_cpr_reset_n 




In 


Reset signal from the ISI block 


tinucpr_reset.n 




In 


Reset signal from watch dog timer. 


prst_n_sectlont2:0] 




Out 


System resets for each section, synchronous active k>w 


phirsl_n 




Out 


Reset for PHI Mock, synchronous to phidk 


dorst^n 




Out 


Reset for PHI block, synchronous to doctk 


jrst-n • 




Out 


Reset for JPEG decoder core in CDU bfock. synchronous to jdk 


usbfst_n 




Out 


Reset for the USB bfock, synchronous to usbdk 


Test Input 


test_clk 




In 


Test dock direct from external pin, for use in production test (scan 
test) 


test_anable 




In 


Test enable. Direct from external pin. When high production test 
mode is eruit^led. 


CPU Interface 


cpu_adr(3:2l 


2 


In 


CPU address bus. Only 2 bits are required to decode the address 
space for the CPR bfock 


cpu_dataout{31 :0] 


32 


In 


Shared write data bus from the CPU 


cpr_cpu.data(31 X)] 


32 


Out 


Read data bus to the CPU 


cpu.Twn 


1 


In 


Common read/not-wdte signal from the CPU. 


cpu.cpr^sel 


1 


In 


Bfock select from the CPU. When cpu^cpC-sells high both 
cpu_a<Sran(3i cpu^dataout are valid 


cprjcpu.rdy 


1 


Out 


Ready signal to the CPU. When cpr_cpu_fdyts high It indfoates 
the last cyde of the access. For a write cyde this means 
CiptLCteeaouf has been registered by the block and for a read cyde 
this means the data on cprjcpujdata is valid. 


cpr_cpu_berr 


1 


Out 


Bus error signal to the CPU indicating an Invafid access. 


cpu.aoode[1 .0| 


2 


In 


CPU Access Code signals. These decode as folfows: 

00 - User program access 

01 - User data access 

10 • Supervisor program access 
11- Supervisor data access 


cpr_cpu.debug^valid 


1 


Out 


Debug Data valid on cpc.cpu_data bus. Active high 
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Table S4. CPR I/O definition 









Miscellaneous 


pwr_sleep_mode(2.*0] ( 3 Out 


Sleep mode section select 



16.4.2 Configuration registers 

The configuration registers in the CPR are programmed via the CPU interface. Refer to section 11.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the CPR. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the CPR. 
When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of cpr^cu_data. Table 55 lists the configuration registers in the CPR block. 

The CPR block will only allow supervisor data mode accesses (i.e. cpu_flcode[l:0] = 
SUPERVISOR^DATA ). All oAer accesses will result in cpr^cpu^berr being asserted . 



Table 55. CPR Register Map 





mm 








0x00 


SleepModeEnabTe 


3 


0x0 


Sleep Mode enat>le. when high a section of logic 
has is powerdown. Each bit controls a section 


0x04 . 


ResetSrc 


4 


0x0* 


Reset Source register, indicating ttie source of 

the last reset 

Bit 0 * External Reset 

Bit 1 - USB wakeup reset 

Bit 2 - ISI wakeup reset 

Bit 3 - Watchdog timer reset 


0x08 


ResetSection 


3 


0x7 


Active-low synchronous reset for each section, 
sell-resetting. 


OxOC 


OebugSelect 


6 


0x00 


Debug address selecl. fndkates the address of 
the register to report on the cprjcf>u_<lata bus 
when It is not otherwise being used. 


PLL Control (Asynchronous reset registers) 


0x10 


PLLTuneBits 


10 


Ox23E 


PLL tuning bits 


0x14 


PLLRangeA 


4 


OxF 


PLLOirr A frequency selector (defaults to 
600Mh2to1250Mh2) 


0x18 


PLLRangeB 


3 


0x7 


PLLOLTT B frequency selector (defaults to 
600Mhz1o1250Mhz) 


0x1 C 


PLLMultipller 


5 


0x25 


PLL multlptier selector, defaults to /efc^ x 20 



a. Reset value depends on reset source. External reset shown. 
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1 6.4.3 CPR Sub-btock partition 



tesLenabto- 
tasCclk- 



xtalin • 
xtalout * 
test_enab(e 



Clock Generator 



Crystal 
Oscillator 



PLL 



JclKjenabto 



pwr^sJeep.modd^ 



reseOi. 
usb_cpf_roset_n - 
tsJ_cpf_reset_r» - 
tim_cpr_resei_n - 



dkioe 



clk320 



C<k48 



dkieo 



Gate EnaUe 
Logic 



/'a 



gate.do(n 



tesuenable- 



Reset 
Logic 



Configuration registers 
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8 


1 


3 


8 

C_3 
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g 
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pclK.8ectk)n(2] 
reset domfSI 




«od)« ^ 

resel_doni(0] 



pWclh ^ 

Pflset_dofn[1, ^ 



feset_dQmt2i 



pclK^sectfon(OI K 

resei.dotT^31 J 

pclK.sectk9n(1 
reset_domf4l 



feset^dom[63 



CPU 



Figure &4. CPR block partition 
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16.4.4 Sync reset 



The reset synchronizer retimes an asynchronous reset signal to the clock domain that it resets. The circuit 
prevents the inactive edge of reset occurring when the clock is rising 



Pdkf 
resetjdoni 



prst_n 



reset_dom 




piston 



Figure 55. Reset synchronizer logic 



16.4.5 Reset generator logic 

The reset generator logic is used to detenmne which clock domains should be reset, based on configured 
reset values ireset^ection_h), the external reset (reset^n), watchdog timer reset itim_cpr_reset_n) and 
resets from the SCB block (isijcpr^reset^n, usbj^r_jieset_ny The reset direct from the lO pin (reset^n) is 
synchronized and de-glitched before feeding the reset logic. 

Resets from the SCB block reset everything except its own section (section 2), this allows data to be stored 
in the PSS block for use after a SCB powenip initiated reset 

Table 56. Reset domains 



reseUdom[0} 


doclk domain 


reset.<fom(1] 


phfdk domafn 


reset_dom(2] 


usbcDc domain 


reset_dom[3) 


Section 0 pdk domain 


reset_clom[4] 


Sectk>n 1 perk domain 


reset„doni[5] 


Section 2 pclk domain 


reseotom(6] 


Idk domain 



The logic is given by 

if (reset_n == 0) then 
refiec.doxn(6;0] = 0x00 
resec_src(3:0J « 0x01 

els if (usb__cpr_res©t^n as o> 
reset_dom(6:0j = 0x20 
reset.src(3 :0J >» 0x02 

elsif (isi_cpr_reset_n «« 0) 
re8et_dosi(6:0] = 0x20 
reset_src(3 :0) » 0x04 

elsif <tijn_cpr_reset_n 0) 
resot.doin[6:0] = 0x00 
reset_src[3 :0] - 0x08 



// reset everything 
then 

// all except consns domain 
then 

// all except conms domain 
then 

// reset everything 
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else 

// propagate resets from reset section register 

reset_doin[5 :0] = 0x3 F 

if (reset_section_n(0] == 0) then 

reBet_dorat3] = 0 
if (reset_section_n[l) == 0) then 

reset_doiu [ 4 1 = 0 
if (reset_section_n(2) == 0) then 

reset_dom[S] = 0 



The gate enable logic is a combinational logic block used to generate gating signals for each of SoPECs 
clock domains. The gate enable (gate_domain) is generated based on the configured sleep^ode_en and 
the internally generated Jclk^enable signal. 

The logic is given by 

// clock gating for sleep znodes 
gate_dom(5:3) = 0x7 // default to on 
for (i=0 ; i < 3 ; i>+) { 

if (sleep_inode_en[i] == 1) then 
gate_doin( i-i-a 3 = 0 
pwr_sleep.jiiode(i] 1 

} 

// jclk and remaining 
gate_dom[2 :0] s 0x7 
oate_domC6) = --(j disenable) 



The clock gate logic is used to safely gate clocks without generating any glitches on the gated clock. When 
the enable is hig}i the dock is active otherwise tiie clock is gated. 



1 6.4.6 Gate enable logic 



1 6.4.7 Clock gate log fc 



1 



gate.dom 



I 



gatd_dom_relimed' 



J 



gate_ck>ck 



Oate^dom- 



t 



gate_dom_retimed 




■^gate.clock 



src_clk- 




Figure 56. Clock gate logic diagram 
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1 6.4.8 Clock generator Logic 

The clock generator block contains the PLL. crystal oscillator, clock dividers and associated control and 
. test logic. The PLL VCO frequency is at 960Mh2 locked to a 32 Mhz refclk generated by the crystal oscil- 
lator. In test mode the xtalin signal can be driven directly by the test clock generator, the test clock will be 
reflected on the refclk signal to the PLL. 

tesCenable 



xialin — 
xtalout ^ 



Crystal 
OscHJator 



refclk 



pll,range_b 
pILmultpfier 
piLtune 



prsUn 




>-cJk320 
>^cik160 
»dk106 



^clk4B 



Figure 57. PLL and Clock divider logic 



16.4.8.1 Clock divider A 

The clock divider A block generate the 320Mh2. 160Mh2 and I06Mhz clocks from the input 320Mh2 
c\oc\l (pll_outb) generated by the PLL. The divider flips flops are asynchronously reset by the prst_n sig- 
nal. The divders are enabled only when the PLL has acquired lock as indicated by the pUJack signal. 

16.4.B.2 Clock divider B 

The clock divider B block generate the 48Mhz clock from the input 96Mhz clock (pH^outa) generated by 
the PLL. The divider flips flops arc asynchrously reset by the prst_n signal. The divders are enabled only 
when the PLL has acquired lock as indicated by the plljock signal. 
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17 ROM Block 



17.1 OVERVfEW 

The ROM block interfaces to the CPU bus and contains the SoPEC boot code. The ROM block consists of 
the CPU bus interface, the ROM macro and the ChipID macro. The current ROM size is 16 KBytes imple- 
mented as a 4096 x32 macro. Access to the ROM is not cached because the CPU enjoys fast (no more than 
one cycle slower than a cache access), unarbitrated access to the ROM. 

Each SoPEC device is required to have a unique ChipID which is set by blowing fuses at manufacture. 
IBM*s 300mm ECID macro is to be used to implement the ChipID and this offers 1 12-bits of laser fuses. 
The exact number of fuse bits to be used for the ChipID will be determined later but all bits are made 
available to the CPU. The ECID macro allows all 1 12 bits to be read out in parallel and the ROM block 
will make all 1 12 bits available in the FuseChipID[N] registers which are readable by the CPU in supervi- 
sor mode only. 



17.2 Boot operation 

The are two boot scenarios for the SoPEC device namely af^er power-on and after being awoken from 
sleep mode. When the device is in sleep mode it is hoped that power will actually be removed from the 
DRAM, CPU and most other peripherals and so the program code will need to be freshly downloaded each 
time the device wakes up from sleep mode. In order to reduce the wakeup boot time (and hence the per- 
ceived print latency) certain data items are stored in the PSS block (see section 18). These data items 
include the SHA-1 hash digest expected for the ptogram($) to be downloaded, the master/slave SoPEC id 
and some configuration parameters (currently TED). All of these data items are stored in the PSS by the 
CPU prior to entering sleep mode. The SHA-1 value stored in the PSS is calculated by the CPU by 
decrypting the signature of die downloaded program using the appropriate public key stored in ROM. This 
compute intensive deciyption only needs to take place once as part of the power-on boot sequence - subse- 
quent wakeup boot sequences will simply use the resulting SHA-1 digest stored in die PSS. Note that the 
digest only needs to be stored in the PSS before entering sleep mode and the PSS can be used for tempo- 
rary storage of any data at all other times. 

The CPU is expected to be in supervisor mode for the entire boot sequence described by the pseudocode 
below. Note that the boot sequence has not been finalised but is expected to be close to the following: 

if (ResetSrc == 1) t:hen // Reset was a power-on reset 

configure.sopec // need to conCigure peris (USB« ISX. TStXh., ICU etc.) 
// Otherwise reset was a wakeup reset so peris etc. were already configured 
PAUSE: wait until IrqSeinaphore l« 0 //i.e. wait until an interrupt has been serviced 
if ( IrqSetnaphore DMAChanONsg) then 

parse_jnsg(EMAChaaOMsgPtr) // this routine will parse the message and take any 

// necessary action e.g. programming the DMAChannell registers 
elsif < XrqSexnaphore DMAChanlHsg) then // program has been do%mloaded 

CalculatedHash = gen_shal (ProgramI.ocn« ProgramSize) 

if (ResecSrc 1) then 

ExpectedKash ^ sig_^decrypt (Programs ig) 

else 

ExpectedHash = PSSHash 
if (ExpectedKash == CalculatedHash) then 

jmp(PrgraniL.ocn) // transfer control to the downloaded program 
else 

send_host_msg ( "Program Authentication Failed') 
goto PAUSE: 

els If (IrqSemaphore timeout) then // nothing has happened 
if ( Reset Src 1) then 
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sleep_inode() // put SoPEC into sleep mode to be woken up by USB/ISZ activity 
else //we were wolcen up but nothing happened 
reset.sopec (PowerOnReset) 

else 

goto PAUSE 

The boot code places no restrictions on the activity of any programs downloaded and authenticated by it 
other than those imposed by the configuration of the MMU i.e. the principal function of the boot code is to 
authenticate that any programs downloaded by it are from a trusted source. It is the responsibility of the 
downloaded program to ensure that any code it downloads is also authenticated and that the system 
remains secure. The downloaded program code is also responsible for setting the SoPEC ISIId (see section 
12.7 for a description of the ISHd) in a multi -SoPEC system. See the "SoPEC Security Overview" docu- 
ment [9] for more details of the SoPEC security features. 

17.3 Implementation 



1 7.3.1 Definitions of I/O 

Table 57. ROM Block I/O 



docks ancf Resets 



pfst_n 


1 


In 


Glot>al reset. Synchronous 1o pctk, active low. 


pdk 


1 


Jn 


Global dock 


CPU Interface 


cpu.adrf15:2] 


14 


tn 


CPU address bus. Only 14 bits are required to decode the address 
space for this block. 


rom_cpu_dataI31 :0] 


32 


Out 


Read data bus to the CPU 


cpu^rwn 


1 


In 


Common read/not-write signai from the CPU 


cpu_acbcre(l:0] 


2 


In 


CPU Access Code signals. These decode as Ibllows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 
11. Supervisor data access 


cpu_rom_sel 


1 


In 


BJock select from the CPU. When cpu^rom_sei\s high epu^adr ts 
valtd 


rom_cpu_rdy 


1 


Out 


Ready signal to the CPU. When fom_cpu_rdy is high it indicates 
the Jast cyde of the access. For a read cycfe this rneans the data on 
rom^cpu^data is valid. 


roni_cpu_berr 


1 


Out 


ROM bus error signal to the CPU indicatino an invalid access. 



17.3.2 Configuration registers 

The ROM block will only allow read accesses to the FuseChipID registers with supervisor data space per- 
missions (i.e. cpu_flcode[l:0] = 11). All other accesses of the FuseChipID registers will result in 
rom_cpuJberr being asserted. The ROM block allows all read accesses to the ROM itself (i.e supervisor or 
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user, data or program accesses). The CPU subsystem bus slave interface is described in more detail in sec- 
tion 9.4.3. 



Table 5B. ROM Block Register Map 





Fu8eChipiD[N] 



32 



n/a 



Value of corresponding fuse bits. (Read only) 



17.3.3 Sub-Block Partition 



IBM offer two variants of their ROM macros; A high perfonnance version (ROMHD) and a low power 
version (ROMLD). It is likely that the low power version will be used unless some implementation issue 
requires the high performance version. Both versions offer the same bit density. The sub-block partition 
diagram below does not include the clocking and test signals for the ROM or ECID macros. The CPU sub- 
system bus interface is described in more detail in section 1 1 .4.3. 



ROM Macro 
4096 x 32 



IBM 300mm ECID macro 
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Figure 58. Sub-block partition of the ROM block 

17.3-4 Sub-block signal definition 

Table 59. ROM Block internal signals 



Clock? and Resets 



prst_n 



I Global feset. Synchronous to pctk, active low. 
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Table 59. ROM Block Internal signals 









pdk 




I Global dock 


Internal Signals 


ronn_€ufrt1 1 :0] 


12 


ROM address bus 


rom^sel 


1 


Select signal to the ROM macro instnicting it to access the tocation 
at rom_adr 


rom_oe 


1 


Output enabfe signal to the ROM block 


rom_data[31:0] 


32 


Data bus from the ROM macro to the CPU bus interface 


roTn_dvafid 


1 


Signal from the ROM nrtacro indicating that the data on rom^data is 
vaiki for the address on rom_adr 


fuse_data(31 :01 


32 


Data from the FuseChipiD[N] register addressed by fus3_feg_adr 




2 


Ind'rcates whk:h of the FuseChipiO registers is being addressed 
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18 Power Safe Storage (PSS) Block 

18.1 Overview 

The PSS block provides 128 bytes of storage space that will maintain its state when the rest of the SoPEC 
device is in sleep mode. The PSS is expected to be used primarily for the storage of decrypted signatures 
associated with downloaded programmed code but it can also be used to store any information that needs 
to survive sleep mode (e.g. configuration details). Note that the signature digest only needs to be stored in 
the PSS before entering sleep mode and the PSS can be used for temporary storage of any data at all other 
times. 

Prior to entering sleep mode the CPU should store all of the information it will need on exiting sleep mode 
in the PSS. On emerging from sleep mode the boot code in ROM will read the ResetSrc register in the CPR 
block to detennine which reset source caused the wakei:q>. The reset source information indicates whether 
or not the PSS contains valid stored data, and the PSS data determines the type of boot sequence to exe- 
cute. If for any reason a fiill power-on boot sequence should be performed (e.g. the printer driver has been 
updated) then this is siiiq>ly achieved by initiating a full software reset. 



18.2 Implementation 

The storage area of the PSS block will be implemented as a 128-byte register array. The array is located 
from PSS.base through to PSS3ase+0x7F in the address map. The PSS block will only allow read or 
write accesses with supervisor data space permissions (i.e. cpu_acode[l:OJ = 1 1). All other accesses will 
result in pss_cpujberr being asserted The CPU subsystem bus slave interface is described in more detail 
in section 11.4.3. 
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1B.2.1 Definitions of I/O 



Table 60. PSS Brock I/O 











Clocks and Resets 


prs^n 


1 


tn 


Global reset. Synchronous to pdk, active k>w. 


pdk 


1 


In 


Global dock 


CPU Interface 


cpu_adr(6:2] 


5 


In 


CPU address bus. Only 5 bits are required to decode the address 
space for this block. 


cpu.dataout[31:0] 


32 


In 


Shared write data bus from the CPU 


p8Sjcpu_data(31 :0] 


32 


Out 


Read data bus to the CPU 


cpu^nwn 


1 


in 


Common read/hot-write signal from the CPU 


cpu_acode[1.'0] 


2 


(n 


CPU Access Code signals. These decode as.follows: 

00 - User program access 

01 - User data access 

1 0 - Supennsor program access 

11 - Supervisor data access 


cpuj>S9.&el 


1 


In 


Bfock select from the CPU. When cpu^ss^setls high both cpu_adr 

and cpu_dataout are valtd 


pss_cpu_rcfy 


1 


Out 


Ready signal to the CPU. When psSLcpa_/oy is high H indicates the 
last cyde of the access. For a read cycle this means the data on 
pss^<^u_data is valid. 


pss_cpu_berr 


1 


Out 


PSS bus error signal to the CPU Indk:ating an invalid access. 
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19 Low Speed Serial Interface (LSS) 



19.1 Overview 



The Low Speed Serial Interface (LSS) provides a mechanism for the internal SoPEC CPU to communicate 
with external QA chips via two independent LSS buses. The LSS communicates through the GPIO block 
to the QA chips. This allows the QA chip pins to be reused in multi-SoPEC environments. The LSS Mas- 
ter system-level interface is illustrated in Figure 59. Note that multiple QA chips are allowed on each LSS 
bus. 

CPU sub-system bus 



CPU 



LSS Master 
? 



SoPEC 



GPIO 



LSSbusO 



QAChipO 



QAChipl 



LSS b"8l 



QA Chip 2 



QAChlpd 



Figure 59. LSS nnaster systeni-leveJ interface 



19.2 QA COMMUNICATION 



The SoPEC data interface to the QA Chips is a low speed, 2 pin, synchronous serial bus. Data is trans- 
ferred to the QA chips via the Iss^data pin synchronously with tiie Iss^clk pm. When the iss^clk is high the 
data on Iss^data is deemed to be valid Only the LSS master in SoPEC can drive the lss_clk pin, this pin is 
an input only to the QA chips. The LSS block must be able to interface with an open-collector pull-up bus. 
This means that when the LSS block should transmit a logical zero it will drive 0 on the bus, but when it 
should transmit a logical 1 it will leave high-impedance on the bus (i.e. it doesn't drive the bus). If all the 
agents on the LSS bus adhere to this protocol then there will be no issues with bus contention. 

The LSS block controls all communication to and from the QA chips. The LSS block is the bus master in 
all cases. The LSS block interprets a command register set by the SoPEC CPU, initiates transactions to the 
QA chip in question and optionally accepts return data. Any return information is presented through the 
configuration registers to the SoPEC CPU. The LSS block indicates to the CPU the completion of a com- 
mand or the occurrence of an error via an interrupt. 



19.2.1 Start and stop conditions 



All transmissions on the LSS bus are initiated by the LSS master issuing a START condition and termi- 
nated by the LSS master issuing a STOP condition. START and STOP conditions are always generated by 
the LSS master. As illustrated in Figure 60, a START condition corresponds to a high to low transition on 
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Iss^data while lssj:lk is high. A STOP condition corresponds to a low to high transition on Iss^data while 
lss_clk is high. 



Iss.clk 



\ 



STAKT 

coNprnoN 



STOP 
CONDITION 



Figure 60. START and STOP conditions 



19.2.2 Data transfer 

Data is transferred on the LSS bits via a byte orientated protocol. Bytes are transmitted serially. Each byte 
is sent most significant bit (MSB) first through to least significant bit (LSB) last. One clock pulse is gener- 
. ated for each data bit transferred. Each byte must be followed by an acknowledge bit 

The data on the Iss^data must be stable during the HIGH period of the Iss^clk clock. Data may only 
change when Iss^clk is low. A transmitter outputs data after the falling edge oflss^clk and a receiver inputs 
the data at the rising edge of Iss^clk, This data is only considered as a valid data bit at the next lss_clk fall- 
ing edge provided a START or STOP is not detected in the period before the next Issjclk falling edge. All 
clock pulses are generated by the LSS block. The transmitter releases the Iss^data line (high) during the 
acknowledge clock pulse (ninth clock pulse). The receiver must pull down the Issjddta line during the 
acknowledge clock pulse so that it remains stable low during the HIGH period of this clock pulse. 

Data transfers follow the format shown in Figure 61. The first byte sent by the LSS master after a START 
I condition is a primary id byte, where bits 7-2 form a 6-bit primary id (0 is a global id and will address all 

QA Chips on a particular LSS bus), bit 1 is an even parity bit for the primary id, and bit 0 forms the read/ 
write sense. Bit 0 is high if the following conmiand is a read to the primary id given or low for a write 
conunand to that id. An acknowledge is generated by the QA chip(s) corresponding to the given id (if such 
a chip exists) by driving the Iss^data line low synchronous with the LSS master generated ninth Issuclk. 



ISS^data f^inssT-l^bitO^ Act / \bits7-l] [ bitO ]^ Ack \ \ 



-I I ri t L. 



J?I^^_ n^^^y^f^:*! R>W ACK DATA AOC DATA AOC STOP 

Figure 61. LSS transfer of 2 data bytes 



19.2.3 Write procedure 

The protocol for a write access to a QA Chip over the LSS bus is illustrated in Figure 63 below. The LSS 
master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It then trans- 



Doc: SoPEC_hardware_design S3 Proprietary Document 

Version: 2.3 



29 Nov 2002 
Page 183 



SoPEC : Hardware Design 



mits the primary id byte with a 0 in bit 0 to indicate that the following command is a write to the primary 
id An acknowledge is generated by the QA chip corresponding to the given primary id The LSS master 
will clock out M data bytes with the slave QA Chip acknowledging each successful byte written. Once the 
slave QA chip has acknowledged the data byte the LSS master issues a STOP condition to complete 
the transfer. The QA chip gathers the M data bytes together and interprets them as a command See QA 
Chip Interface Specification for more details on the format of the commands used to conrniunicate with 
the QA chip[8]. Note that the QA chip is free to not acknowledge any byte transmitted. The LSS master 
should respond by issuing an interrupt to the CPU to indicate this error. The CPU should then generate a 
STOP condition on the LSS bus to gracefully complete the transaction on the LSS bus. 
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ByteM-1 ByteM 
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IDbycer7:ll 
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3 


Data(8) 




* 


r>at«(8) 



















Data(8) 



E 



S = Stait ccmdidon 
A = Ack 
N = Nack 
P = Stop condition 
Shaded bits driven by slave 



Figure 62. Example of LSS write to a QA Chip 



1 9.2.4 Read procedure 

The LSS master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It 
then transmits the primary id byte with a 1 in bit 0 to indicate that the following command is a read to the 
primary id. An acknowledge is generated by the QA chip corresponding to the given primacy id. The LSS 
master releases the lss_data bus and proceeds to clock the expected number of bytes from the QA chip 
with the LSS master acknowledging each successfid byte read. The last expected byte is not acknowledged 
by the LSS master. It then completes the transaction by generating a STOP condition on tiie LSS bus. See 
QA Chip Interfece Specification for more details on die format of the commands used to communicate 
with the QA chip[8]. 




S = Stan coniScion 
AsAck 
N«Nack 
F = Stop condition 
Shaded bits driven by slave 



Figure 63. Example of LSS read from QA Chip 
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19.3 Implementation 

A block diagram of the LSS master is given in Figure 64. It consists of a block of configuTBtion registers 
that are programmed by the CPU and two identical LSS master units tiiat generate the signalling protocols 
on the two LSS buses as well as intemipts to the CPU. The CPU initiates and terminates transactions on 
the LSS buses by writing an appropriate command to the command register, writes bytes to be transmitted 
I to a fifo and reads bytes received from a fifo, and checks the sources of interrupts by reading status regis- 

ters. 



CPU 



Low Speed Serial 
Interface 



32 
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32 



configuration registers 
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LSS busO 
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Y Y 
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Figure 64. LSS block diagram 
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19.3.1 Definitions of lO 

Table 61 . LSS lO pins definitions 



Clocks and Resets 


pdk 


1 


Jn 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


CPU Interface 


cpu_rwn 


1 


In 


Common read/no t-write signal from the CPU 


cpu_adrf7:2J 


5 


In 


CPU address bus. Only 6 tilts are required to decode (he 
address space for this block 


cpu_dataotit(3l:0] 


32 


In 


Shared write data bus from the CPU 


cpu_aoode[1:0] 


2 


In 

r 


CPU access code signals. 

cpu_acode(0] • Program (0) / Data (1) access 

cpu_acode[1 j • User (0) / Supervisor (1) access 


cpu.lss.sel 


1 


In 


Btock select from the CPU. When cpujss^seils high both 
cpu.adrand cpu.cfataouf are valid 


lss_cpu_rdy 


1 


Out 


Ready signal to the CPU. When /ss.epicrdy is high it indicates 
the last cycle of the access. For a write cycle this means 
cpu^dalaoutbas been registered by the LSS block and for a 
read cyde this means the data on tssjcpu^data is valid. 


lss_cpu_berr 


1 


Out 


LSS bus error signal to the CPU. 


(ss_q3u_datB[31 :0] 


32 


Out 


Read data bus to the CPU 


lss_cpu_debtjg_vaiid 


1 


Out 


Active high. Indicates the presence of vaJkl debug data on 
lss_cpu_dat2L 


GPIO for LSS buses 


lss_gplo.do[1.-0] 


2 


Out 


LSS bus data output 
BItO-LSS busO 
Bit 1 - LSS bus 1 


gpioJss_d{[1 :0] 


2 


In 


LSS bus data input 
BctO-LSSbusO 
Bit 1 - LSS bus 1 


l$S-gpio_e(1:0] 


2 


Out 


LSS bus data output enat>le, active high 
Bit 0 • LSS bus 0 
Bit 1 - LSS bus 1 


ls$^p(0.dk[1:0] 


2 


Out 


LSS bus dock output 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


ICU Interface 


lss_icujrq[1:0] 


2 


Out 


LSS interrupt requests 

Bit 0 • interrupt assodated with LSS bus 0 

Bit 1 - interrupt assodated with LSS bus 1 
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19.3.2 Configuration registers 

The configuration registers in the LSS block are programmed via the CPU interface. Refer to section 1 1.4 
on page 69 for the description of the protocol and timing diagrams for reading and writing registers in the 
LSS block. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the LSS block. Table 62 lists the configuration registers in the LSS block. When reading a register that is 
less than 32 bits wide zeros should be returned on the upper unused bit(s) of bs^cpu^data. 

The input cpu^acode signal indicates whether the current CPU access is supervisor, user, program or data, 
J TTie configuration registers in the LSS block can only be read or written by a supervisor data access, i.e. 
when cpujacode equals bl 1. If the current access is a supervisor data access then the LSS responds by 
asserting Issjcpu^rdy for a single clock cycle. 

If the current access is anything other than a supervisor data access, then the LSS generates a bus error by 
asserting Iss^cpujberr for a single clock cycle instead of lss_cpu_nfy as shown in section 1 L4 on page 69. 
A write access will be ignored, and a read access will return zero. 




Table 62. LSS Control Registers 













Control registers 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the LSS. 


0x04 


LssClockHighPeriocf 


16 


oxooca 


High period of /ss.cffr expressed as a number of pcOr 
cycles. Transmission over the LSS bus is at a nominal 
rate of 400kHz, corresponding to a high period of 200 
pdk (160Mh2) cycles for a 50/50 duty cyde. 


0x08 


LssCtockLowPe riod 


16 


0x0008 


Low period of Iss^cfk expressed as a number of pdk 
cycles. Transmission over me LSS bus is at a r^ominal 
rate of 400kHz, corresponding to a low period of 200 
pdk (1 GOMhz) cycles for a SQ^ duty cyde. 


LSS bus 0 registers 


0x10 


LssOlnlStatus 


3 


0x0 


LSS bus 0 Interrupt status registers 

Bit 0 - oonunand completed successfully 

Bit 1 - error during processing of command, 

not -acknowledge received after transmission 

of primary id byte on LSS kxjs 0 
Bit 2 • error during processing of command. 

not -acknowledge received after transmisston 

of data byte on LSS bus 0 
A 1 in a bit of fssOustatus_set signal^ causes the corre- 
sponding bit in LssOfntStatus register to be set. 
All the bits In LssOfntStatus are cleared when the 
LssOCmd register gets written to. 
(Read only register) 


0x14 


LssOCurrentSlate 


4 


0x0 


Gives the current state of the LSS bus 0 state 
machine. (Read only register). 
(Encoding will be specified upon state machine imple- 
mentation) 


0x18 


LssOCmd 


22 


0x00 
_0000 


Command register defining sequence of events to 
perform on LSS bus 0 before interrupting CPU. 
A write to this register causes all the bits in the 
LssOtntStatus register to be cleared as well as gener- 
ating a issO_nQw_cmd pulse. 
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Table 62. LSS Control Registers 













0x1C-0x2C 


L8s0fifo[4:0] 


5x32 


0x0000 
_0000 


LSS Data buffer. Should be filled with transmit data 
before transmit conrvnand, or read data bytes received 
after a valid read command. 


LSS bus 1 registers 


0x30 


LssKntStatus 


3 


0x0 


LSS bus 1 interrupt status registers 

Bit 0,- command completed successfully 

Bit 1 - error during processing of command, 

not -acknowledge received after transmission 

of primary id byte on LSS bus 1 
Bit 2 - error during processing of comrruind, 

not acknowledge received after trarismlssion 

of data tjyte on LSS bus 1 
A 1 in a bit of test_sfafus_sef signal causes the corre- 
sponding bit in LssltntStatus register to be set. 
All the bits In LssltntStatus are cleared wtien the 
LsslCmd register gets written to. 
(Read only register) 


0x34 


LsslCurrentState 


4 


0x0 


Gives the cunrent state of the LSS bus 1 state 
machine. (Read only register) 
(Encoding will be specified tjpon state machine imple- 
mentation) 


0x38 


LsslCmd 


22 


0x00_ 
0000 


Command register defining sequence of events to 
perform on LSS bus 1 before interrupting CPU. 
A write to this register causes all the bits in the 
LssltntStatus register to be deared as well as gener- 
ating a issl^now^cmd pulse. 


0x3C>0x4C 


Lss1Bufler(4X}l 


5x32 


0x0000 
.0000 


LSS Data buffer. Should be filled with transmit data 
before transmit comnumd, or read data bytes received 
after a valid read command. 


Debug registers 


OxSO 


LssDebugSel 


5 


0x00 


Selects register for det>ug output. This value is used 
as the input to the register decode logic instead of 
cpu^adr{6-^]when the LSS tilodc is rK>t being 
accessed by the CPU. I.e. wfien cpu^tss^set is 0. 
The output iss_cpu^debug_vartd is asserted to indi- 
cate that ttie data on fss^cpu_data Is valid debug 
data. This data can t>e mutliplexed onto chip pins dur- 
ing debug mode. 



i9.3.Zi LSS command registers 

The LSS command registers define a sequence of events to perform on the respective LSS bus before issu- 
ing an interrupt to the CPU. There is a separate command register and inten\ipt for each LSS bus. The for- 
mat of the command is given in Table 63. The CPU writes to the command register to initiate a sequence 
of events on an LSS bus. Once the sequence of events has completed or an error has occurred, an interrupt 
is sent back to the CPU. 

Some example commands are: 

• a single START condition (Start = I , IdByteEnable « 0, RdWrEnable = 0. Stop = 0) 

• a single STOP condition (Start = 0, IdByteEnable = 0, RdWrEnable = 0, Stop « 1) 

• a START condition followed by transmission of the id byte {Sum 1 , IdByteEnable = I , RdWrEnable 
= 0, Stop = 0, IdByte contains primary id byte) 
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• a write transfer of 20 bytes from the data buffer (Start - 0, IdByteEnable ^ 0, RdWrEnable = 1, 
RdWrSense = 0. Stop = 0. TxRxByteCount = 20) 

• a read transfer of 8 bytes into the data buffer {Start « 0, IdByteEnable « 0, RdWrEnable = 1, 
RdWrSense 1, ReadNack = ft = 0, TxRxByteCount 8) 

• a complete read transaction of 16 bytes (5far/«l,/</5yte£nfl6^ \ ^ RdWrSense 
ReadNack = 7, Acp = 1, A/5yre contains primary id byte, TxRxByteCount = 16), etc. 

The CPU can thus program the number of bytes to be transmitted or received (up to a maximum of 20) on 
the LSS bus before it gets interrupted. This allows it to insert ari)itrary delays in a transfer at a byte bound- 
ary. For sample the CPU may want to transmit 30 bytes to a QA chip but insert a delay between the 20* 
and 21^ bytes sent It does this by first writing 20 bytes to the data buffer. It then writes a command to gen- 
erate a START condition, send the primary id byte and then transmit the 20 bytes from the data buffer. 
When intem^>ted by the LSS block to indicate successful completion of the command the CPU can then 
write the remaining 10 bytes to the data buffer. It can then wait for a defined period of time before writing 
a command to transmit the 10 bytes from the data buffer and generate a STOP condition to terminate the 
transaction over the LSS bus. 

An intemipt to the CPU is generated for one cycle when any bit in LssNIntStatus is set. The CPU can read 
LssNIhtStatus to discover the source of the intem^3t and can clear a bit in LssNIntStatus by writing a I to 
the corresponding bit in LssNIntStatus register. Alternatively the CPU can start a new coirmiand which 
will automatically reset all LssNIntStatus bits. 



Table 63. LSS command register description 









0 


start 


When 1 , Issue a START condition on the LSS bus. 


1 


IdByteEnable 


ID byte transmit enabfe: 

1 - transmit byte in tdSyta field 

0 • Ignore byte in tdByte field 


2 


RdWrEnable 


Read/write transfer enable: 

0 - ignore settings of RdWrSense, ReadNack and TxRxByteCount 

1 - it RdWrSense is 0, then perform a write transfer of TxRxByteCount bytes from the 

data buffer. 

if RdWrSense Is 1, then perform a read transfer of TxRxByteCount bytes into the 
data buffer. Each l>yte should be acknowledged and the last byte received Is 
acknowledged/hot-acknowledged accorcSng to the setting of ReadNack. 


3 


RdWrSense 


Read/wrf te sense indteator: 

0*«vrite 

1 - read 


4 


ReadNack 


Indicates, for a read transfer, whether to Issue an acknowledge or a not-acknowfedge 
after the last byte received (Indteated by TxRxByteCount^. 

0 - issue acknowledge after last byte received 

1 • issue not«acknowledge after last liyte received. 


5 


Slop 


When 1 . issue a STOP conditton on the LSS bus. 


7:6 


reserved 


Must be 0 


15:8 


IdByte 


Byte to be transmitted if IdByteEnable is 1 . Bit 8 con-esponds to the L^B. 


20:16 : 


TxRxByteCount 


Number of bytes to be transmitted from the data buffer or the numt>er of bytes to be 
received into the data buffer. The maximum value that should be programmed is 20, as 
the size of the data tMjffer is 20 bytes. 



The data buffer is implemented in the LSS master block. When the CPU writes to the LssNBuffer registers 
the data written is presented to the LSS master block via the IssNJmfferjwrdata bus and configuration 
registers block pulses the lssNJbuffer_wen bit corresponding to the register written. For example \f LssN- 



I 
I 
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Buffer [2] is written to ls5NJmffer_yven[2] will be pulsed When the CPU reads the LssNBuffer registers 
the configuration registers block reflect the IssNJmffer^rdata bus back to the CPU. 

19.3.3 LSS master unit 

The LSS niaster unit is instantiated for both LSS bus 0 and LSS bus I. It controls transactions on the LSS 
bus by means of the state machine shown in Figure 65, which interprets the commands that are written by 
the CPU. It also contains a single 20 byte data buffer used for transmitting and receiving data. 

The CPU can write data to be transmitted on the LSS bus by writing to the LssNBuffer registers,. It can also 
read data that the LSS master imit receives on the LSS bus by reading the same registers. The LSS master 
always transniits or receives bytes to or from the data buffer in. the same order. For example a transmit 
command 

For a transmit conunand, LssNBuffer [0] [7:0] gets transmitted first, then LssNBuffer [0] [1 5:8], LssNBuf- 
fer fO] {23: 1 6]. LssNBufferfO]fS 1:241 LssNBuffer f J] [7:0] and so on until TxRxByteCount number of 
bjrtes are transmitted. A receive command fills data to the buffer in the same order. Each new command die 
buffer stait point is reset. 

All state machine outputs, flags and counters are cleared on reset After a reset the state machine remains 
in the Idle state until lss_cmd_yalui equals 1. If the Start bit of the command is 0 the state machine pro- 
ceeds directly to the CheckldByteEnable state. If the Start bit is 1 it proceeds to the GenerateStart state 
and issues a START condition on the LSS bus. 

In the CheckldByteEnable state, if the IdByteEnable bit of the command is 0 the state machine proceeds 
directly to the CheckRdWrEnable state. If the IdByteEnable bit is 1 the state machine enters the Sendld- 
Byte state and the byte in the IdByte field of the command is transmitted on the LSS. The WaitForldAck 
sute is then entered. If the byte is acknowledged, the state machine proceeds to the CheckRdWrEnable 
state. If the byte is not-acknowledged, the state machine proceeds to die Generatelnterrupt state and issues 
an interrupt to indicate a not-acknowledge was received after transmission of the primary id byte. 

In the CheckRdWrEnable state, if the RdWrEnable bit of the command is 0 the stale machine proceeds 
directly to the CheckStop state. If the RdWrEnable bit is 1 » count is loaded with the value of the TxRxByte- 
Count field of the conunand and the state machine enters either the ReceiveByte state if the RdWrSense bit 
of the command is 1 or the TransmitByte state if the RdWrSense bit is 0. 

For a write transaction, the state machine keeps transmitting bytes fiom the data buffer, decrementing 
count after each byte transmitted, tmtil count is I. If all the bytes are successfully transmitted the state 
machine proceeds to the CheckStop state. If the slave QA chip not-acknowledges a transmitted byte, the 
state machine indicates this error by issuing an interrupt to die CPU and then entering the Generatelnter- 
rupt state. 

For a read transaction, the state machine keeps receiving bytes into the data buffer, decrementing count 
after each byte transmitted, until count is 1. After each byte received the LSS master must issue an 
acknowledge. After the last expected byte (i.e. when count is 1 ) the state machine checks the ReadNack bit 
of the command to see whether it must issue an acknowledge or not-acknowledge for that byte. The 
CheckStop state is then entered. 

In the CheckStop state, if the Stop bit of the command is 0 the slate machine proceeds directly to the Gen- 
eratelnterrupt state. If the Stop bit is 1 it proceeds to the GenerateStop state and issues a STOP condition 
on the LSS bus before proceeding to the Generatelnterrupt state. In l>oth cases an interrupt is issued to 
indicate successful completion of the command. 

The state nuu:hine then enters the Idle state to await the next commarid. 

The CPU may abort the current transfer at any time by performing a write to the Reset register of the LSS 

block. 
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19.3.3. 1 START and STOP generation 

START and STOP conditions, which signal the beginning and end of data transmission, occur when the 
LSS master generates a falling and rising edge respectively on the data while the clock is high. 

In the GenerateStart state, lss,^iojclk is held high with lss,^ioje remaining deasserted (so the data line 
is pulled high externally) for LssClockHighPeriod pclk cycles. Then Iss^iojB is asserted and 
Iss^gpio^do is pulled low (to drive a 0 on the data line» creating a falling edge) with Iss _gpiojclk remain- 
ing high for anoiheT LssClockff ighPeriod pcik cycles. 

In the GenerateStop state, both lss_gpio_clk and Iss _gpiojdo are pulled low followed by the assertion of 
Iss^gpiojs to drive a 0 while the clock is low. After LssClockLowPeriod pclk cycles, Iss _gpio^clk is set 
high. Alter a further LssClockHighPeriod pclk cycles, lss^gpio_e is deasserted to release the data bus and 
create a rising edge on the data bus during the high period of the clock. 

19.3.3.2 Cl€tck pulse generaUon 

The LSS master holds lss_^io_clk high while the LSS bus is inactive. A clock pulse is generated for each 
bit transmitted or received over the LSS bus. It is generated by first holding bs^gpio^clk low for LssClock- 
LowPeriod pclk cycles, and then high for LssClockHighPeriod pclk cycles. 

19.3.3.3 Data reception 

The input data, gpiojss^di, is first synchronised to the pc/ib domain by means of two flip-flops clocked by 
pclk The LSS master generates a clock pulse for each bit received. The output Iss^gpioje is deasserted on 
the falling edge of lss_gpio^clk to release the data bus. The value on the synchronised gpiojss^di is sam- 
pled on the rising edge of Iss^^io^clk (the data should be averaged over a further 3 stage register to avoid 
possible glitch detection). The data is only considered as a valid bit at the next falling edge of Iss ^io^clk 
provided a START or STOP is not generated in the meantime. 

In the ReceiveByte state, the state machine generates 8 clock pulses. On each rising edge of Iss _gpio^clk 
die synchronised gpiojss^di is sampled. The first bit sampled is LssNBufferfOJ{7J, the second LssNBuf- 
fer[0][6J^ etc to LssNBuffer[0][0]. For each byte received the state machine either sends an NAK or an 
ACK depending on the command configuration and the number of bytes received. 

In the SendNack state the state machine generates a single clock pulse. Iss^gpio^e is deasserted and the 
LSS data line is pulled high externally to issue a not-acknowledge. 

In the SendAck state the state machine generates a single clock pulse. lss_gpio_e is asserted and a 0 driven 
on lss^gpio_do after Iss^gpio^clk ^ling edge to issue an acknowledge. 

19.3.3.4 Data transmission 

The LSS master generates a clock pulse for each bit transmitted. Data is output on the LSS bus on the fall- 
ing edge of lss_gpio_clk 

When the LSS master drives a logical zero on the bus it will assert lss^gpio_e and drive v^O on Iss _^io_do 
after lss_gpiojclk felling edge. Iss^gpio^e will remain asserted and lss^_gpio^do will remain low imtil the 
next Iss^clk felling edge. 

When the LSS master drives a logical one Iss^gpiojs should be deasserted at lss,gpio_clk falling edge and 
remain deasserted at least until the next lss_gpio_clk falling edge. This is because the LSS bus will be 
externally pulled up to logical one via a pull-up resistor. 

In the Sendid byte state, the state machine generates 8 clock pulses to transmit the byte in the MByte field 
of the current valid command. On each falling edge of Iss ^^io^clk a bit is driven on the data bus as out- 
lined above. On the first falling edge IdBytefJJ is driven on the data bus, on the second falling edge 

IdByte[6] is driven out, etc. 
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In the TransmitByte state, the state machine generates 8 clock pulses to transmit the byte at the output of 
the transmit FIFO. On each falling edge of Iss^iojclk a bit is driven on the data bus as outlined above. 
On the first falling edge LssNBuffer[0][7] is driven on the data bus, on the second falling edge LssNBuf- 
fer[0][6] is driven out, etc on to LssNBuffer[0][7] bits. 

In the WaitForAck state, the state machine generates a single clock pulse. On the rising edge of 
Iss^gpio^clk the synchronized gpioJss_di is sampled A 1 indicates an acknowledge and ack_detect is 
pulsed, a 0 indicates a not-acknowledge and nackjdetect is pulsed. 

f 9.3.3.5 Data rate eontroi 

The CPU can control die data rate by setting the clock period of the LSS bus dock by programming appro- 
priate values in LssClockHighPeriod and LssClockLowPeriod, The de^t setting for both registers is 200 
(pclk cycles) which corresponds to transmission rate of 400kHz on the LSS bus. 
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state machine outputs. Issjcu Jrq and 
LssStatusSet are 2ero unless otherwise 
indicated. 



RflSBtQRnnBt n^fi 




Figure 65. LSS master state machine 
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DRAM Subsystem 



i3 
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20 DRAM Interface Unit (DIU) 



20.1 



Overview 



Figure 66 shows how the DIU provides the interface between the on-chip 20 Mbit embedded DRAM and 
the rest of SoPEC. In addition to outlining the functionaJity of the DIU, this chapter provides a top-level 
overview of the memoiy storage and access patterns of SoPEC and the buffering required in the various 
SoPEC blocks to support those access requirements. 

The main functionality of the DIU is to arbitrate between requests for access to the embedded DRAM and 
provide read or write accesses to the requesters. The DIU must also implement the initialisation sequence 
and refresh logic for the embedded DRAM. 

The arbitration mechanism is a hierarchical timeslot mechanism providing guaranteed bandwidth and 
latency to each DIU requester, with unused slots re-allocated to provide best efifoit accesses. The arbitra- 
tion scheme is fiiUy progranunable. 

The inter&ce between the DIU and the SoPEC requesters is similar to the interface on PECl i.e. separate 
control, read data and write data busses. 

The embedded DRAM is used principally to store: 

« CPU program code and data. 

• PEP (re)programming commands, 

• Compressed pages containing contone, bi-level and raw tag data and header information. 

• Decompressed contone and bi-level data. 

• Dotline store during a print. 

• Print setup inforaiation such as tag format structures, dither matrices and dead nozzle information. 
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i5 



CPU sub-system 
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Figure 66. SoPEC System Top Level partition 
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20.2 IBM Cu-1 1 Embedded DRAM 

20.2.1 Single bank 

SoPEC will use the 1,5 V core voltage option in IBM's 0.13 ^ class Cu-1 1 process. 

. The random read/write cycle time and the refresh cycle time is 3 cycles at 160 MHz [16]. An open page 
access will complete in 1 cycle if the page mode select signal is clocked at 320 MHz or 2 cycles if the page 
mode select signal is clocked every 160 MHz cycle. The page mode select signal will be clocked at 320 
MHz in SoPEC. The DRAM word size is 256 bits. 

Most SoPEC requesters will make single 256 bit DRAM accesses (sec Section 20.4). These accesses will 
take 3 cycles as they are random accesses i.e. they will most likely be to a different memoiy row than die 
previous access. 

The entire 20 Mbit DRAM will be implemented as a single memoiy bank. In Cu-1 1 , the maximum single 
instance size is 16 Mbit The first 1 Mbit tile of each instance contains an area overiiead so the cheapest 
solution in terms of area is to have only 2 instances. 16 Mbit and 4Mbit instances would together consume 
an area of 14.63 mm^ as would 2 times 10 Mbit instances. 4 times 5 Mbit instances would require 17.2 
mm^. 

The instance size will determine the frequency of refresh. Each refresh requires 3 clock cycles. In Cu-1 1 
each row consists of 8 cohimns of 256-bit words. This means that 1 6 Mbit requires 8 1 92 rows. A complete 
DRAM refresh is required every 3.2 ms. This would mean a row would have to be refreshed every 62 
cycles. Two times 10 Mbit instances would require a refresh every 100 clock cycles, if the instances are 
refreshed in parallel. Having 4 times 5 Mbit instances means a refresh is required only eveiy 200 cycles. 

The SoPEC DRAM wUl be constructed as two 10 Mbit instances implemented as a single memoiy bank. 
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20.3 SoPEC Memory Usage Requirements 

The memory usage requirements for the embedded DRAM are shown in Table 64. 



Table 64. Memory Usage Requirements 







Corr^ressed page store 


2046Kt)ytes 


Compressed data page store for Bt-levei 
and contone data 


Decompressed Contone 
Store 


108 Kbyte 


1 3824 fines with scale factor 6 = 2304 pixels, 
store 12 lines, 4 colors = 108 kB 
13824 lines with scale factor 5 « 2765 pixels, 
siore 1^ lines, 4 coiors = i>>u Ko 


Spot line store 


5.1 Kbyte 


loo^^ Qois/iine so o lines is 5,1 KB 


Tag Format Structure 


55 Kbyte (384 dot line tags 9 
1600 dpi) 

1 2 Kbyte (2.5 mm tags Q 800 
dpi) 


56 kB In for 364 dot line tags 

2.5 mm tags (1/1 0th inch) Q 1600 dpi require 

160 dot lines s 160/384 x55 or 23 kB 

2.5 mm tags O 800 dpi require 80/364 x55 s 

12 kB 


Dither Matrix store 


4Kbytes 


64x64 dither matrix is 4 kB 
128x128 dither matrix Is 16 kB 
256x256 drther matrix is 64 kB 


DNC Dead Nozzle Table 


1.4Kbytes 


Delta encoded. (1 0 bit delta posttton + 6 dead 
nozzle mask) x% Dnozzle 
5% dead nozzles requires (1046)x 692 Dnoz- 
zles = 1.4 Kt>ytes 


Dot-One store 


319 Kbytes 


Assume each color row is separated by 5 dot 
lines on the print head 
The dot line store will be 0+5+10... 50+^55 = 
330 half dot lines + 48 extra half dot nnes (4 
per dot row) = 378 half dot lines » 31 9Kbyte8 


PCU Program code 


8 Kbytes 


1024 commands of 64 bits » 8 IcB 


CPU 


64 Kbytes 


Program code and data 


TOTAL 


2570 Kbytes (12 Kbyte TFS 
storage) 

2613 Kbytes (55 Kbyte TFS) 





Note: 

• Total storage of 2570 Kbytes will be reduced to 2560 Kbytes to align to 20 Mbit DRAM. 
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20.4 SoPEC Memory Access Patterns 

Table 65 shows a summaty of the blocks on SoPEC requiring access to the embedded DRAM and their 
individual memory access patterns. Most blocks will access the DRAM in single 256-bit accesses. All 
accesses must be padded to 256-bits except for 64'bit CDU write accesses and CPU write accesses. Bits 
which should not be written arc masked using the individual DRAM bit write inputs or byte write inputs, 
depending on the foundry. Using single 256-bit accesses means that the buffering required in the SoPEC 
DRAM requesters will be minimized. 



Table 65. Memory access patterns of SoPEC DRAM Requesters 







Single 25&-bit reads. 




W 


Sinote 32-fait, 1&4)it or 8-bit writes. 


SCB 


W 


Single 256-bit writes. 


cou 


R 


Single 256-blt reads of ttie compressed contone data. 


W 


Each CDU access is a write to 4 consecutive DRAM worcte in ttie same row 
but only 64 bits of each word are written with the renuuntng bits write 
masked. 

The access time for this 4 word page mode burst Is 3 4- 1 + 1 +1 s6 cycles 
if the page mode select signal is clocked at 320 MHz. 


CFU 


R 


Single ^6 bit reads. 


LBO 


R 


Single 256 bit reads. 


SFU 


R 


Separate single 256 bit reads for previous and current line but sharing the 
same DHJ interface 


W 


Single 256 bit writes. 


TECTD) 


R 


Single 256 bit reads. Each read returns 2 times 128 bit tags. 


TEfTFS) 


R 


Single 256 bit reads. TPS is 136 tjytes. This means there is unused data in 
the fifth 256 bit read. A total of 5 reads is required. 


HCU 


R 


Single 256 bit reads. 128 x 128 dither matrix requires 4 reads per line with 
dout}ie buffering. 256 x 256 dither matrix requires 8 reads at the end of the 
line with single buffering. 

Dither matrices have start address, end address and One advance Incre- 
ment 


ONC 


R 


Single 256 bit dead nozzle table reads. Each dead nozzle table read con- 
tains 16 dead-nozzle tables entries each of 10 delta bits plus 6 dead nozzle 
mask bits. 


OWU 


W 


Single 256 bit writes since enable/disable DRAM access per color plane. 


IXU 


R 


Single 256 bit reads since enable/disable DRAM access per color plane. 


PCU * 


R 


Single 256 bit reads. Each PCU command is 64 l^ts so each 256 bit word 
can contain 4 PCU commands. 

PCU reads from DRAM used fbr reprogramming PEP should t>e executed 
with minimum latency. 

If this occurs between pages then there wifl be free bandwidth as most of 
the other SoPEC Units will not be requesting from DRAM. It this occurs 
t>etween bands than the IDS, CDU and TE t}andwidth will be free. So the 
PCU should have a high priority to access to any spare tsandwidlh. 


Refresh 




Single refresh. 
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20.5 Buffering Required in SoPEC DRAM Requesters 

If each DIU access is a single 256-bit access then we need to provide a 256-bit double buffer in the DRAM 
requester. If the DRAM requester has a 64-bit interface then this can be implemented as an 8 x 64-bit 
HFO. 



Table 66. Buffer sizes In SoPEC DRAM requesters 



DRAM 
Requester 


Direction 


Access patterns 


Buffering required in 
block 


CPU 


R 


SinniA 0*sRmhh rAnHs 


Cache. 


W 


Single 32-bft writes but allowing 16-bit or byte 
addressat3(e writes. 


None. 


SCB 


W 


Singte 256-blt writes. 


Double 
256-bit buffer. 


CDU 


R 


Single 2S6-bit reads of the compressed contone 
data. 


DouWe 256-bit buffer. 


w 


Each CDU accfiSA is a writA to A mnsACiitiuA DRAM 
words in the same row but only 64 bits of each word 
are written with the remaining bits write masked. 


nrtuhlA hAff lPPr% Mor^ 

buffer. 


CFU 


R 


Single 256 bit reads. 


Double 256-bJt buffer. 


LBD 


f\ 




wOUDie c90*0li DUTTBr. 


SFU 


R 


Separate single 256 bit reads (or previous and cur- 
rent line txjt sharing the same DIU interface 


Double 256-bit buffer for 
each read channel. 


W 


Single 256 bit writes. 


Double 256-bit butter. 


TE(TD) 


R 


Singte 256 bit recujs. 


Double 256-bit buffer. 


TE(TFS) 


R 


Single 256 bit reads. TPS is 136 bytes. This means 
there is unused data in the fifth 256 bit read. A total 
of 5 reads Is required. 


Dout)le line-buffer for 1 36 
bytes implemented In TE. 


HCU 


R 


Single 256 bit reads. 126 x 128 dither matrix 
requires 4 reads per line with double buffering. 256 x 
256 dither nrtatrix requires 6 reads at the end of the 
line with single buffering. 


Configurable between dou- 
ble 128 byte buffer and 
singte 256 byte buffer. 


DNC 


R 


Single 256 bit reads 


Double 2S6-bit buffer. 
Deeper buffering could be 
specified to cope with local 
clusters of dead nozzles. 


DWU 


W 


Single 256 bit writes per enatsled odd/even color 
plane. 


Double 256-bit buffer per 
color plane. 


.LLU 


R 


Single 256 bit reads per enabled odd/even color 
plane. 


Double 256-bit buffer per 
color plane. 


PCU 


R 


Single 256 bit reads. Each PCU command is 64 bits 
so each 256 bit DRAM read can contain 4 PCU com- 
mands. Requested command is read from ORAM 
together with the next 3 contiguous 64-bit8 which are 
cached to avoid unnecessary ORAM reads. 


Singte 256-blt buffer. 


Refresh 




Single refresh. 


None. 
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20.6 SoPEC DIU Bandwidth Requirements 

Table 67: SoPEC DIU Bandwidth Requirements 




w 



SCB 



W 



0.326 



0.328 



0.5 



COU 



W 



128(SF = 4).288(SF = 
6), 1:1 compression^ 



32/n^ (SFr:n), 
0,9 <SF = 6), 
2(SF = 4) 
(1:1 oom p ression) 



32/1 0-n^ (SF=n). 
0.09 (SF = 6), 
0^(SFs4) 
(10:1 oompression)^ 



1 (SF=6) 
2(SFs4) 



for individual accesses: 
lecydes (SF = 4}.36 
cydes (SF « 6}, n2 cycles 
(SF=n). 

Will be implemented as a 
page mode burst of 4 
accesses every 64 cydes 
(SF = 4), 144(SF =:6), 
4*n2(SF=n) cydes^ 



64/n^<SF«=n), 
1^(SF = 6), 
4(SF = 4) 



32/0* (SF:^). 
0.9 (SF«=6), 
2(SFs4)^ 



2 (SF^) 
4 (SFb4) 



CFU 



32(SF = 4),48{SF = 6)^ 



32/n (SP=n), 
5.4 (SFa6), 
8 (SF = 4) 



32/n (SF=n), 
5.4(SF = 6), 
6 (SF e 4} 



5.5 (SF=6) 
8(Sf^} 



256 (1 :1 compression)® 



1 (1:1 compression) 



0.1 <10:1 compression)^ 



SFU 



W 



128^«> 



256 



TT 



TE(TD) 



252 



12 



1.02 



1.02 



1J25 



TEOTS) 



5 reads per line^' 



0.093 



0.093 



0.25 



HCU 



4 reads per line for 128 x 
128 dither matrix^^ 



0.074 



0.074 



0.25 



DNC 



106 (5% dead-rK)zzles 
10-blt delta encoded)^^ 



2.4 (dump of dead 
nozzles) 



0.8 (equally spaced 
dead nozzles) 



2.5 



DWU 



W 



6 writes every 256^® 



8 reads every 256' 



PCU 



256^« 



Refresh 



100^» 



2.56 



2.56 



2.75 



TOTAL 



SFrr6:34 
SF = 4: 39.5 
exduding CPU 



SF = 6: 27,5 
SF a 4: 31.2 
exduding CPU 



SF = 6: 35 
exduding CPU. 
SF=4: 40.5 
exduding CPU 



Notes: 

I : The number of allocated timeslots is based on 64 timeslots each of 1 bit/cycle but broken down to a granularity of 
0.2S bit/cycle. ' 

2: 50 Mbit/s is 0,328 bits/cyde or 256 bits cvciy 780 cycles. 

3: At 1 :l compression CDU must read a 4 color pixel (32 bits) every SF^ cycles. 
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4: At 10:1 'average compression CDU must read a 4 color pixel (32 bits) every 10*SF^ cycles. 
5: 4 color pixel (32 bits) is required, on average, by the CFU every SF^ (scale factor) cycles. 

Tfae time available to write the data is a function of the size of the buffer in DRAM. 1.5 buffering means 4 color pixel 
(32 bits) must be written every SF^ / 2 (scale factor) cycles. Therefore, at a scale factor of SF. 64 bits are required 
every SF^ cycles. 

Since 64 valid bits are written per 256-bit write (Figure 104 on page 2S2) then the DRAM is accessed every SF^ 
cycles i.e. at SF4 an access every 16 cycles, at SF6 an access every 36 cycles. 

If a page mode burst of 4 accesses is used dien each access takes (3 1 + 1 +1) equals 6 cycles. This means at SF, a set 

of 4 back-to-back accesses must occur every 4*SF^ cycles. This assumes the page mode select signal is clocked at 320 

MHz. CDU timeslots therefore take 6 cycles. 

For scale fictors lower than 4 double buffering will be used. 

6: The average bandwidth 1/2 the peak bandwidth in the case of 1 .5 buffering. 

7: 4 color pixel (32 bits) read by CFU every SF cycles. At SF4, 32 bits is required every 4 cycles or 256 bits every 32 

cycles. At SF6, 32bits every 6 cycles or 256 bits every 48 cycles. 

8: At 1 :1 compression tequire I bit/cycle or 256 bits every 256 cycles. 

9: The average bandwiddi required at 10:1 compression is 0.1 bits/cycle. 

10: Two separate reads of 1 bit/cycle. 

ll:Writeatl bit/cycle. 

12: Each tag can be consumed in at most 126 dot cycles and requires 128 bits. This is a maximum rate of 256 bits 
every 252 cycles. 

13: 17 X 64 bit reads per line in PECl is 5 x 256 bit reads per line in SoPEC. Double-line buffered storage. 
14: 128 bytes read per line is 4 x 256 bit reads per line. Double-line buffered storage. 

15: 5% dead nozzles 10-bit delta encoded stored with 6-bit dead nozzle mask requires 0.8 bits/cycle read access or a 
256-bit access every 320 cycles. This assumes the dead nozzles are evenly spaced out. In practice dead nozzles are 
likely to be clumped. Peak bandwidth is estimated as 3 times average bandwidth. 
16: 6 bits/cycle requires 6 x 256 bit writes every 256 cycles. 

17: 6 bits/160 MHz SoPEC cycle average but will peak at 2 x 6 bits per 106 MHz print head cycle or 8 bits/ SoPEC 
cycle. The PHI can equalise the DRAM access rate over the line so that the peak rate equals the average rate of 8 bits/ 
cycle. 

1 8: Assume one 256 read per 256 cycles is sufficient i.e. maximum latency of 256 cycles per access is allowable. 
19: As an example asstmie refresh must occur every 3.2 ms. Refresh occurs row at a time over 5120 rows of 2 parallel 
to Mbit instances. Each refresh takes 3 cycles. This is equivalent to a timeslot every 100 cycles. 
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20.7 DIU BUS TOPOLOGY 
20.7.1 Basic topoCogy 



Table 68. SoPEC OIU Requesters 









CPU 


CPU 


Refresh 


CDU 


SCB 




CFU 


CDU 




LBD 


SFU 




SFU 


DWU 




TE(TD) 






TE(TFS) 






HCU 






DNC 






LLU 






PCU 







Table 68 shows the DIU requesters in SoPEC. There are 1 1 read requesters and 5 write requesters in 
SoPEC as compared with 8 read requesters and 4 write requesters in FECI. Refresh is an additional 
requester. 

In FECI, the interface between the DIU and the DIU requesters had the following main features: 

• separate control and address signals per DIU requester multiplexed in the DIU according to the arbitra- 
tion scheme. 

• separate 64-bit write data bus for each DRAM write requester multiplexed in the DIU, 

• common 64-bit read bus from the DIU with separate enables to each DIU read requester. 

Timing closure for this bussing scheme was straight- forward in PECl . This suggests that a similar scheme 
will also achieve timing closure in SoPEC. SoPEC has 5 more DRAM requesters but it will be in a 0.13 
itm process with more metal layers and SoPEC will run at approximately the same speed as PECl . 

Using 256-bit busses would match the data width of the embedded DRAM but such laige busses may 
result in an increase in size of the DIU and the entire SoPEC chip. The SoPEC requestors would require 
double 256-bit wide buffers to match the 256-bit busses. These buffers, which must be implemented in 
flip-flops, are less area efficient than 8-deep 64-bit wide register arrays which can be used with 64-bit bus- 
ses. SoPEC will therefore use 64-bit data busses. Use of 256-bit busses would however simplify the DIU 
hnplementation as local buffering of 256-bit DRAM data would not be required within the DIU. 

20,7.1.1 CPU ORAM access 

The CPU is the only DIU requestor for which access latency is critical. All DIU write requesters transfer 
write data to the DIU using separate point-to-point busses. The CPU will use the cpu_dataout[3 1:0] bus. 
CPU reads will not be over flie shared 64-bit read bus. Instead, CPU reads will use a separate 256-bit read 
bus. 

20,7^ Making more efficient use of DRAM bandwidth 

The embedded DRAM is 256-bits wide. The 4 cycles it takes to transfer the 256-bits over the 64-bit data 
busses of SoPEC means that effectively each access will be at least 4 cycles long. It takes only 3 cycles to 
actually do a 256-bit random DRAM access in the case of IBM DRAM. 
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SI 



20.7.2,1 Common read bus 



If we have a conunon read data bus, as in PECl, then if we are doing back to back read accesses the next 
DRAM read cannot start until the read data bus is free. So each DRAM read access can occur only every 4 
cycles. This is shown in Figure 67 with the actual DRAM access taking 3 cycles leaving 1 unused cycle 
per access. 



pctkl 
diu_data[63:0] 



rrcq(n+l) 
rrcq(n+2) ' 



rack(n4-3) 



access n 



access n+1 



access 



rreq(n+3) 
rack(n+l) | 

rack(n+2) , 



access n+2 



unused 
cycle 



unused 
cycle 



access 



unused 
cycle 
-X^ — ► 



J L 



J — L 



Figure 67. Shared read bus with 3 cycle random DRAM read accesses 



20.7.2.2 interieaving CPU and non^CPU read accesses 

The CPU has a separate 2S6-bit read bus. All other read accesses are 2 S 6-bit accesses are over a shared 64- 
bit read bus. Fnterleaving CPU and non-CPU read accesses means the effective duration of an interleaved 
access timeslot is the DRAM access time (3 cycles) rather than 4 cycles. Interleaving is achieved by order- 
ing the DIU arbitration slot allocation appropriately. 

Figure 68 shows interleaved CPU and non-CPU read accesses. 
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Figure 68. Interleaving CPU and non-CPU read accesses 



20,7.2.3 Interleaving read and write accesses 

Having sq>arate write data busses means write accesses can be interleaved with each other and with read 
accesses. So now the effective duration of an interleaved access timeslot is the DRAM access time (3 
cycles) rather than 4 cycles. Interleaving is achieved by ordering the DIU arbitration slot allocation appro- 
priately. 

Figure 69 shows interleaved read and write accesses. Figure 70 shows interleaved write accesses. 



I Read access I Write access i Read access I Write access 




Rgure 69. Interieaving read and write accesses with 3 cycle random DRAM accesses 



Write data still takes 4 cycles to transmit over 64-bit busses so 256-bit buffers are required in the DIU to 
gather the write data from the requesters. 
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20.7.3 Boswidths y 



Table 69. SoPEC DfU Requesters Data Bus Width 











CPU 


256 (separate) 


CPU 


32 (OPEN ISSUE) 


cou 


64 (shared) 


SCB 


64 


CFU 


64 (shared) 


COU 


64 


LBO 


64 (shared) 


SFU 


64 


SFU 


64 (shared) 


DWU 


64 


TE(TD) 


64 (shared) 






TEfTFS) 


64 (shared) 






HCU 


64 (shared) 






DNC 


64 (shared) 






LLU 


64 (shared) 






PCU 


64 (shared) 







20.7*4 Conclusions 

Reads and writes can be interleaved with a separate 256-bit read bus for the CPU for minimum latency 
DIU access. Interleaving can be performed by inserting write accesses or CPU accesses between shared 
read bus accesses. The interieaving is achieved by ordering the DIU arbitration slot allocation appropri- 
ately. 
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20.8 SoPEC DRAM ADDRESSING SCHEME 

The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbit of DRAM. 

Most blocks read or write 256 bit words of DRAM. Therefore only the top 17 bits i.e. bits 21 to 5 are 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU whidi can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required. 

• CPU writes can be 8, 16 or 32-bits. The cpu^diujmnaskfl :0J pins indicate whether to write 8, 16 or 32 
bits. 

All DIU accesses must be within the same 256-bit aligned DRAM word 
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20.9 DIU Protocols 

The DIU protocols are 

• pipelined i.e the following transaction is initiated while the previous transfer is in progress. 

• split transaction i.e. the transaction is split into independent address and data transfers. 

20.9.1 Read Protocol except CPU 

The SoPEC read requestors, except for the CPU, perform single 256-bit read accesses with the read data 
being transferred from the DIU in 4 consecutive cycles over a shared 64-bit read bus, diu^data[63:0J. The 
read address <unit>jiiu^radrpl:5] is 256-bit aligned. 

The read protocol is: 

• <unit>^diu_rreq is asserted along with a valid <unit>_diujradr(2l:5], 

• The DIU acknowledges the request with diu_<unit>_/ack The request should be dcasserted. The min- 
imum number of cycles between <unit>^diu^rreq being asserted and the DIU generating an 
diu_<unit>^rack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perfonn the aibitradon • 
see Section 20.13.6). 

• The read data is returned on diu_data[63:0J and its validity is indicated by diu_<unit>_rvalid, 

• When four diu^<unU>_rvalid pulses have been received then if there is a further request 
<unit>_diujrreq should be asserted again. diu_<unU>_rvalid will be always be asserted by the DIU 
for four consecxBtive cycles. The first diu^<unit> jifalid pulse will occur 3 cycles after. 
diu^<unit>^ack (1 cycle to transfer the address to the DRAM, 2 cycles for the read data to be 
returned from the DRAM). 



pclk J I I 

<unit>_!diu_rreq |" 

diu_<Unit>_rack 

<unit>_diu_radr[2l:5] | | 
diu_<unit>_jvalid 



diu^data[63:0] I | 1 | 2 | 3 | 4 | | 



Figure 71. Read protocol for a SoPEC Unit making a single 2$6-bit access 



20.9.2 Read Protocol for CPU 



The CPU performs single 256-bit read accesses with the read data being transferred from the DIU over a 
dedicated 256-bit read bus for DRAM data, dram_cpu_data[255:0]. The read address <^jadr[21:5J is 
256-bit aligned. 

The CPU DIU read protocol is: 

• cpu_diu_rreq is asserted along with a valid cpu_adrf2I:5J. 
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The DIU acknowledges the request with diu_cpu_rack. The request should be deasserted. The mini- 
mum number of cycles between cpujdiu^rreq being asserted and the DIU generating a cpu_diu_rack 
strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - see Section 
20.13.6). 

The read data is returned on dram j:pu_data[25 5:0] and its validity is indicated by diu_cpu_rvalid. 
When the diu_cpu^rva!id pulse has been received then if there is a further request cpu_diu_rreq should 
be asserted again. The diu_cpu_ryalid pulse will occur 3 cycles after rack (1 cycle to transfer the 
address to the DRAM, 2 cycles for the read data to be returned from the DRAM). 



pclk 

cpu_diu_rreq 
diu_cpu_rack 



dram_cpu_data[255:0] (~ 



q)u_adr[2!:5] | . | 
diu_cpu_rvalid 



rzi 



Figure 72. Read protocol for a CPU making a single 256-bit access 



20.9,3 Write Protocol except CPU and CDU 

The SoPEC write requestors, except for the CPU and CDU, perform single 256-bit write accesses with the 
write data being transferred to the DIU in 4 consecrative cycles, over dedicated point-to-point 64-bit write 
data busses. The write address <unU>^diu^wadr[2I:S] is 2S6-bit aligned. 

The write protocol is: 

• <unit>jdiu_wreq is asserted along with a valid <unit>_diu_wadr[2I:5J, 

• The DIU acknowledges the request with diu_<unit>jwact The request should be deasserted. The 
minimum number of cycles between <unii>_diu_wreq being asserted and the DIU generating an 
diu_<unU>ji^ack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - 
see Section 20.13.6). 

• In the clock cycles following wack the SoPEC Unit outputs the <unif>^diujtata[63:0]^ asserting 
<unit>_diu^wvaiid. Write data should be output as soon as possible after receiving the wack. Access- 
ing registers, register arrays or SRAMs may incur different delays. The first <unit>_diu_wvaiid pulse 
can occur in the clock cycle after diu_<unit>_wack. In the case of register array or SRAM access, the 
first <unit>_diujmtaUd pulse will occur 2 clock cycles after diu_<unit>_wack, 

• Once all the write data has been output then if there is a further request <unit>_diu_wreq should be 
asserted again. 

A timeout mechanism will be implemented to ensure that the DIU will not lock-up if four 
<unit>_diujwvalid pulses are not provided. 
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pclk 

<unit>_diu_wreq 



<unit>_diu_wadr[21:5] [ 
diu_<unit>_wack 



<uiut>_diu_data[63:0] [; 
<Unit>_diu_wvalid 



I 1 -I 2 I 3 1 



J 



1 



Figure 73. Write Protocol shown for a SoPEC Unit making a single 256.bit access 



20.9,4 CPU Write Protocol 



The CPU performs single write which can be 8. 16 or 32-bits with the write data being transferred to the 
DIU over the cpuJUuaaut[3l:0] bus. The write address cpu_adr[2l:0] is byte aligned 
The CPU write protocol is: 

• cpu_diu_wreq is asserted along with a valid cpujadr[21:0J and a write mask cpu_diu_wmask[l :0] to 
indicate whe^er an 8, 1 6 or 32-bit access is required. 

• The DIU acknowledges the request with diu_cpuj^ach The request should be deasserted. The mini- 
mum number of cycles between cpu_diu_wreq being asserted and the DIU generating an 
diu_cpu_wack strobe is 2 cycles (1 cycle to register tfie request, I cycle to perform the arbitration - see 
Section 20.13.6). 

• In the clock cycle following diujcpu^wadc the CPU outputs the cpu_dataoutf3J:0J, asserting 
cpu_diu_wvaJid. Write data should be output as soon as possible after receiving the diu_cpu_wack. 
The earliest the cpu^diu^wvalid pulse can occur is in the first clock cycle after diu_cpu_wack. 

• Once the write data has been oufliut then if there is a ftirther request cpu^diu_wreq should be asserted 
again. 
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pclk 




cpu_diu_wreq | [ 

cpu_adr(21:0] ![ J |; : . :. • ' . - ' . | 

cpu_diu^wmask[l:0] I- • d [ >';' .. • ^ • . ' | 



diu_cpu_waclc ^1 I 



q)u_dataout[31:0] . " ' ;| ' / ; . 

cpu_diujwvalid | I • 

Figure 74. Write Protocol sliown for a CPU making an 8, 16 or 32-bit access 



20.9.5 CDU Write Protocol 

Tlie CPU performs four 64»bit writes to 4 contiguous 256-bit DRAM addresses with the first address spec- 
ified by cdu_diu^wadr[21:3]. The write address cdu_diu^wadr[21:3] is 64-bit aligned 

The write protocol is: 

• cdu_diu_wdata is asserted along with a valid cdu_diu_wadrf2J:3J. 

• The DIU acknowledges the request with diu_cdu_wack. The request should be deasserted. The mini- 
mum number of cycles between cdu_diu_wreq being asserted and the DIU generating an 
diu_cdu^wack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the azbitration * see 
Section 20.13.6). 

• In the clock cycles following wack the CDU outputs the cdu_diu_data[63:0], together with asserted 
cdu^diu_ywalid. Write data should be output as soon as possible after receiving the wade Accessing 
registers, register arrays or SRAMs may incur different delays. The first cdu^diu_wvalid pulse can 
occur in the clock cycle after diu^cdu^wack. In the case of register array or SRAM access, the first 
cdu_diu^wvalid pulse will occur 2 clock cycles after diu_cdu_wacL 

• Once all the write data has been output then if there is a further request cdu_diu_wreq should be 
asserted again. 

A timeout mechanism will be implemented to ensure that the DRJ will not lock-up if four cpu^diu^wvalid 
pulses are not provided. 
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pclk 

cdu_diu_wreq 
cdu_diu_wadr[22:3] 
diu_cdu.wack 



' cdu_diu.data[63:0] | 
cdu_diu wvaiid 



J — L 



•1112 1 3T"TT 



1 



Figure 75. Write Protocol shown for CDU making four contiguous 64-bit accesses 
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20.10 DIU ARBITRATION MECHANISM 

The DIU will axbitrate access to the embedded ORAM. The arbitration scheme is outlined in the next sec- 
tions. 

20.10.1 TImesiot based arbitration scheme 

Table 67 simimarised the bandwidth requirements of the SoPEC requestors to DRAM. If we allocate the 
DIU requestors in ternis of peak bandwidth then we require 36 bits/cycle (at SF ==6) and 42,5 bits/cycle (at 
SF = 4) for all the requestors except the CPU. 

A timeslot scheme is defined with 64 main timeslots. The number of used main timeslots is prograimnable 
between 0 and 64. 

Since DRAM read requestors, except for the CPU, are connected to the DIU via a 64-bit data bus each 
256-bit DRAM access requires 4 pclk cycles to transfer the read data over the shared read bus. The 
timeslot rotation period for 64 timeslots each of 4 pclk cycles is 256 pdk cycles or 1 .6 |is, a!«iiining pclk is 
160 MHz. Each timeslot represents a 256-bit access every 256 pclk cycles or 1 bit/cycle. This is the granu- 
larity of the majority of DIU requestors bandwidth requirements in Table 67. 

The SoPEC DIU requesters can be represented using 5 bits (Table on page 229). Using 64 timeslots 
means that to allocate each timeslot to a requester a total of 64 times 5 configuration registers is required 
for the 64 main timeslots. 

Timeslot based arbitration works by having a pointer point to the current timeslot When re-arbitration. is 
signaled the azbitration pointer will advance to the next timeslot. If the SoPEC Unit assigned to the current 
timeslot is not requesting then the unused timeslot aibitration mechanism outlined in Section 20.10.4 is 
used to select ^e arbitration winner. 

The timeslot pointer advances when the DIU issues the next command to the DRAM. Each timeslot there^ 
fore denotes a single access. The duration of the timeslot depends on the access. 

If the SoPEC Unit pointed to by the current timeslot pointer is not requesting then the slot will be allocated 
according to the mechanism described in Section 20.10.5. 



current timeslot 
pointer 







n-l 


n 


n+1 









Figure 76. Timeslot based arbitration 

20.10.2 Separate read and write arbitration windows 

For write accesses, except the CPU, 256-bits of write data are transferred from the SoPEC DIU write 
requestors over 64-bit write busses in 4 clock cycles. This write data transfer latency means that writes 
accesses, except for CPU writes, must be arbitrated 4 cycles in advance. The [to be included figure and 
explanation] shows why this is necessary. 
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Since write arbitration must occur 4 cycles in advance, and the minimuni duration of a timeslot duration is 
3 cycles, die arbitration ailes must be modified to initiate write accesses in advance.accordingly. There is 
a timeslot lookahead pointer shown in Figure 77 two timcslots in advance of the current timeslot pointer. . 



current timeslot 
pointer 


r 1 


timeslot lookahead 
pointer 

r 


-> 








n 


n+1 


a+2 



















Figure 77. Timeslot based art>itration with separate read and write pointers 

The following examples illustrate separate read and write timeslot arbitration. 



W 



W 



W 



Frogranmied dmeslot order 



W 



W 



W 



w 



w 



Timeslot aibitxation order 



Actual dmeslot order 



write 
latency 



Rgure 78. Example (a), separate read and write arbitration 

In Figure 78 writ^ arc arbitrated two timcslots in advance. Reads are arbitrated in the same cycle Writes 
can be arbitrated in the same cycle as a read. During arbitradon the command address of the arbitrated 
SoPEC Unit is captured. 

Other examples are shown in Figure 79, Figure 80 and Figure 81. The actual timelsot order is always die 
same as the programmed timeslot order i.e. out of order accesses do not occur and data coherency is never 
an issue. 

Each write must always incur a latency of two timcslots. If the first write occurs in the first timeslot then 
all following timcslots will incur a latency of two timcslots. This is shown in Figure 78 and Figure 79. If 
the first write occurs in the second timesiots then all following timcslots will incur a latency of two 
timcslots. This is shown in Figure 80. 
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Timeslot arbitration order 
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Actual timeslot order 
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Figure 79. Example (b). separate read and write arbitration 
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Figure 80. Example (c), separate read and write arbitration 
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Figure 81. Example (d). separate read and write arfoftration 



Table 70 shows the 4 scenarios depending on whether the current timeslot and timeslot lookahead pointers 
point to read or write accesses. 

To be checked and updated; 

Table 70: Arbitration with separate windows for read and write accesses 



[ISA, 






read 


write 


Initiate read transfer. 






Initiate write transfer. 


readi 


read2 


Inmate readi transfer. 


writel 


writ62 


Initiate write2 transfer. 


write 


read 


No action. 



If the current timeslot pointer points to a read access then this will be initiated immediately. 

If the timeslot lookahead pointer points to a write access then this access is initiated immediately, or 
immediately after the read access associated with the current timeslot pointer is initiated. 

When a write access is initiated the DIU will capture the write address and will do the DRAM write two 
tiemslots in advance when the associated write data has been tiansfei^d to the DIU. 

To be checked and updated: At initialisation, both pointers point to the first timeslot The lookahead 
pointer advances to the second timeslot and the third timeslot in successive clock cycles until it is two 
timeslots ahead of the current timeslot pointer Then both pointers advance in tandem. At each step» the 
rules in Table 70 are obeyed. This leads to the behaviour shown in the exampes of Figure 78 to Figure 81 . 
CPU write accesses arc excepted from the lookahead mechanism. 
Timing diagrams for these scenarios are shown in Section 20.13 Implementation. 
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If the selected SoPEC Unit is not requesting then there will be separate read and write selection for unused 
timeslots. This is described in Section 20.10.5. 



20.1 0.3 Arbitration of CPU accesses 



The CPU can be allocated timeslots like any other DIU requestor. If CPU accesses are interleaved between 
the shared read bus accesses then the DIU timeslots will take 3 cycles as shown in Section 20,7.2.2. The 
timeslot rotation will be fester than 256 pclk cycles. 

What distinguishes the CPU from other SoPEC requestors, is that the CPU requires minimum latency 
DRAM access i.e. preferably the CPU should get the next available timeslot whenever it requests. 

The minimum CPU read access latency is estimated in Table 71. This is the time between the CPU making 
a request to the DIU and receiving the read data back from the DIU. This ignores any latency associated 
with the CPU's caching mechanism. 

Table 71. Estimated CPU read access latency ignoring caching 





register the CPU read 
request 


1 cycle 


complete the arbitra- 
tion of the request 


t cycle 


transfer the read 
address to the DRAM 


1 cycle 


DRAM read latency 


2 cycles 


register the read data 


1 cycle 


TCTTAL 


6 cycles 



* If the CPU, as is likely, requests DRAM access again immediately after receiving data from the DIU then 
the CPU can access every second timeslot. This assumes that interleaving is employed so that timeslots 
last 3 cycles. If the CPU access latency increases to 7 cycles then the CPU will only be able to access every 
third timeslot 

If a cache hit occurs the CPU does not require DRAM access. For its next DIU access it will have to wait 
for its next assigned DIU slot. Cache hits therefore will reduce the number of DRAM accesses but not 
speed up any of those accesses. 

To avoid the CPU having to wait for its next timeslot it is desirable to have a mechanism for ensuring that 
the CPU always gets the next available timeslot without incurring any latency on the non-CPU timeslots. 
This can be done by defining each timeslot as consisting of a CPU access preceding a non-CPU access. 
Each timeslot will last 6 cycles i.e. a CPU access of 3 cycles and a non-CPU access of 3 cycles. This is 
exactly the interleaving behaviour outlined in Section 20.7.2.2. If the CPU does not require an access, the 
timeslot will take 3 or 4 and the timeslot rotation will go faster. A summary is given in Table 72. 

Table 72. Timeslot access times. 





^£1^J 


m 




CPU access + non-CPU access 


3+3 = 6 cycles 


Interleaved access 


non-CPU access 


4 cycles 


Access and preceding access both to shared 
read bus 
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Table 72. Ticneslot access times. 











non*CPU access 


3 cycles 


Access and preceding access not both to shared 
read bus 


CDU write access 


3+1+1+1 =6 cycles 


Page mode select signal is clocked at 320 MHz 



CDU write accesses require 6 cycles. CDU write accesses preceded by a CPU access require 9 cycles. 
CDU timeslots therefore take longer than all other DIU requestors timeslots. 

With a 256 cycle rotation there can be 42 accesses of 6 cycles. This is just enough timeslots for SF = 4 
operation, ignoring implementaiion pipeline latencies. 

For low scale factor applications, it is desirable to have more timeslots available in the same 256 cycle 
rotarion. So two counters of 4-bits each are defined allowing the CPU to get a maximum of cpu^timeshts 
in total^timeslots. A timcslot counter starts at total_timeslots and decrements every timeslot, while another 
counter starts at cpujtimeslots and decrements every timeslot in which the CPU uses its access. When the 
CPU timeslot counter goes to zero before totaljtimeslots no further CPU accesses are allowed. When the 
toial^timeslots counter reaches zero both coimters are reset to their respective initial values. 

When cpujtimeslots is set to zero then no accesses will be preceded by CPU accesses. The CPU can be 
allocated timeslots like any other DIU requestor 

If CPU accesses are interleaved between the shared read bus accesses then the DIU timeslots will take 3 
cycles as shown in Section 20.7.2.2 Otherwise the timeslots will take 4 cycles each and the rotation will 
take 256 cycles. 

The various modes of operation are sununarised in Table 73 with a nominal rotation period of 256 cycles. 



Table 73. CPU timeslot allocatJon modes with nominal rotation period of 256 cycles 









III Jiia^hL^y^ 


CPU Pre-access 

i.e. cpujtimeslots ^ totaljtimeslots 


6 cycles 


42 timeslots 


Each access is CPU + non-CPU. 

Iff CPU does not use a timeslot then rotation Is taster. 


Fractional CPU 
Pre-access 

i.e. cpujtimeslots < totaljtimeslots 


4 or 6 cycles 


42-64 timeslots 


Each CPU + non-CPU access requires a 6 cycle 
timeslot 






Individual non-CPU timeslots take 4 cycles if 
current access and preceding access are both 
to shared read bus. 








Individual non-CPU timeslots take 3 cycles if 
current access and preceding access are both 
to shared read bus. 


Interieaved 

Le. cpujtimeslots ~ 0 


4 cycles 


64 timeslots 


Timeslot rotation is faster by 1 cycle for each 
CPU, write access or interleaved read access 



20A 0.4 Sub-timeslots 

Looking at the bandwidth requirements of the DIU requesters in Table 67, most DIU requesters require 
bandwidths of 1 bit/cycle or multiples thereof However, some of the requestors require much lower band- 
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width. This suggests that some sub-timeslots of lower granularity than a nominal 1 bit/cycle should be 
definecL 

There will be 2 sub-timeslots of 4 and 8 slots each. The bandwidth associated with each individual sub-slot 
IS nominally 0.25 and 0.125 bits/cycle respectively, assuming each slot last 4 cycles. Sub-timeslots can be 
allocated to any number of main timeslots so that any multiple of the individual sub-timeslot bandwidth 
can be obtained. 

Table 74. Sub-tlmesfot definition 




Each sub-slot pointer gets advanced each time it is accessed regardless if it slot is used or not 
Sub-timeslots are similar in all other ways to main timeslots i.e. 

• they can have preceding CPU accesses in a similar manner, 

• unused slots are dedded by the same unused timeslot aUocation mechanism (Section 20. 1 0.5). 

• a timeslot lookahead pointer is used to select writes (except for CPU writes) early to compensate for 
write data transfer latency. 
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sub4timeslot 



5ub3timeslot 



Figure 82. Example sub-timeslot allocation 

An example sub-timeslot allocation is shown in Figure 82. 

Every time main timeslots m and n are accessed, the SoPEC unit pointed to by the pointer in subAtimeslot 
will win aititration and the sub4timeslot pointer will advance. Similarly, every time main timeslots n+2 
and/7 are accessed, the SoPEC unit pointed to by the pointer in suhStimeslot v*all win arbitration and the 
sub3 timeslot pointer will advance. 

20.10.5 Allocating unused timeslots 

Unused slots are re-allocated on a two-level round-robin basis. This is best-effort traffic. 
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Each SoPEC requestor has two associated bits, RoundRobinLevel indicates whether it is in level 1 or level 
2 round-robin, and RoundRobinEnable indicates whether it is enabled or not in the selected round-robin. 

Table 75. Round-robin selection 









RoundRobinLevel = 0 


RoundRobinEnable — 0 


Not enabled 




RoundRobinEnable «= 1 


Level 1 


RoundRobinLevel = 1 


RoundRobinEnable = 0 


Not enabled 




RoundRobinEnable ^ 1 


Level 2 



Separate read and write round-robin trees are needed, one for read accesses and one for write accesses. 
CDU write accesses cannot be included in the round-robin allocation for write as CDU accesses take 6 
cycles. The write accesses which the CDU write could otherwise x^lace require only 3 or 4 cycles. 
Robin-robin allocations do not have CPU pre-accesses. 

A pointer points to the current allocated unit in each of the round-robin levels. If the unit pointed to the 
level 1 round-robin is requesting then this unit wins the arbitration and the pointer is advanced If the unit 
pointed to in the level 1 round-robin is not requesting then the next units in the level 1 round-robin are 
exanained When a requesting unit is found this unit wins the arbitration and the pointer advances to the 
next unit If no unit is requesting then the pointer does not advance and the second level of round-robin is 
examined in tiie same way as first level of the round-iobin. 



Table 76. Write rouncf-robin registers bit order 







CPU(W> 


0 


SCB 


1 


SFU(W) 


2 


DWU 


3 



20.10.6 Background refresh controller 



A background refresh controller should be implemented that wUl issue a refresh and pause the timeslot 
rotator in case data is about to be lost This scenario will only occur in the situation that insufficient 
timeslots were allocated for refresh. 
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20.1 1 Guidelines for programming the DIU 

Some guidelines for programming the DIU arbitration scheme are given in this section together with an 
example. 

20.1 1 .1 Implementation pipelf ne latencies 

The number of allocated timeslots for each requester needs to take into account implementation pipeline 
latencies. The number of timeslots is made programmable. This means I or 2 timeslots can be removed to 
allow for implementation latency. Each timeslot will allow for 6 cycles implementation latency in CPU 
Pre-access mode and 3 cycles otherwise for each single timeslot allocation in a rotation.. If units are allo- 
cated more than 1 timeslot in a rotation then the gap between slots may need to be reduced additionally to 
allow for in^3lementation latency. 

20.1 1 .2 Ensuring sufficient DNC and PCU access 

PCU command reads ftom DRAM arc exceptional events and should complete in as short a time as possi- 
ble. Similarly, we must ensure there is sufficient free bandwidth for DNC accesses e.g. when clusters of 
dead nozzles occur. In Table 67 DNC is allocated 3 times average bandwidth. PCU and DNC can also be 
allocated to the level 1 round-robin allocation for unused timeslots so that unused timeslot bandwidth is 
available to them. 



20.1 1 .3 Basing timeslot allocation on peak bandwldths 

Since the embedded DRAM provides sufficient bandwidth to use 1 :1 compression rates for the CDU and 
LBD, it is possible to simplify the main timeslot and sub-timeslot allocation by basing the. allocation on 
peak bandwidths. The only variable in determining timeslot allocations then becomes the scale factor. 
If slot allocation is based on peak bandwidth requirements then DRAM access will be guaranteed to all 
SoPEC requesters. If we do not allocate slots for peak bandwidth requirements then we can also allow for 
the peaks detemtinistically by adding some cycles to the print line time. 

20.1 1 .4 Adjacent timeslot limitations 

All DIU requesters have state-machines which request and transfer the read or write data before requesting 
again. The time to perform this operation is greater than the time between adjacent timeslots. Therefore 
adjacent timeslots should not be assigned to a particular DIU requester because the requester will not be 
able to make use of all these slots. 

20.11.5 Line margin 

The SFU must output 1 bit/cycle to the HCU. Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pro- 
. vide 1 bit/cycle to the HCU. This could lead to a stall by the SFU. This stall could then propagate if the 
margins being used by the HCU are not sufficient to hide it. The maximum stall can be estimated by the 
calculation: DRAM sendee period - X scale factor * dots used from last DRAM read for HCU line. 

Similarly, if the line length is not a multiple of 256-bits then e.g. the LLU could read data from DRAM 
which contains padded zeros. This could lead to a stall. This stall could then propagate if the page margins 
cannot hide it. 

A single addition of 256 cycles to the line length will suffice for all DIU requesters to mask these stalls. 
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20.1 1 .6 Example DILI programming 

A fiill example to be worked out. 

Program MainTimeslor and SubnTtmeslot configuration registers (Table 82) for peak required bandwidths 
of SoPEC Units according to the scale factor used for the document. 

Program unused slots to use the round-robin allocation to share unused slots between all DIU requesters. 
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20.12 CPU DRAM ACCESS performance 

This section does not yet reflect any implementation pipeline latencies. 

The CPU's share of the timcslots can be specified in terms of guaranteed bandwidth and average band- 
width allocations. 

The CPU's access rate to memoiy depends on 

• the CPU read access latency i.e. the time between the CPU making a request to the DIU and receiving 
the read data back from the DIU. 

• how often it can get access to DIU timeslots. 

Tabie 71 estimated the CPU read latency ignoring caching as 6 cycles. 

How often the CPU can get access to DIU timcslots depends on the access type. 



Table 77. CPU ORAM access performance 











CPU Pre-access 


6 cycles 


Lower bound (guaranteed 

bandwidtii) is 

160 MHz / 6 = 26.27 MHz 


CPU can access every timeslot 


Fractional CPU 
Prcraccess 


6 cycles 


Lower bound (guaranteed 
bandwidth) is 
(160MHz*N/P) 


CPU accesses precede a fraction N of timeslots 
where N = C/T. 
C = cpu^timeslots 
T = totaljtimeslots 
?=^i6*C'i'4*(T^C))/T 


Interieaved 


4 cycles 


See Section 20.12.1 


At SF •= 6, 28 timeslots available for CPU. 
At SF = 4, 21 timeslots available for CPU. 



For CPU Pre-access and Fractional CPU Pre-access modes average and guianteed CPU bandwidth are 
equivalent since the CPU is limited to a certain fraction of timeslots. 

If the CPU runs out of its instruction cache then instruction fetch performance is only limited by the on- 
chip bus protocol. With a 2 cycle bus protocol (address cycle + data cycle) the performance would be 80 
MHz. 



20.12.1 CPU DRAM access performance with interleaved access mode 

Table 78 shows the guaranteed periodic CPU access with 4 cycle DRAM access and pclk = 160 MHz. 
Table 78. Guaranteed Periodic CPU access %vfth 4 cycle timeslots and pcik^ 160 MHz 









Timeslots left for CPU 


28.25 


21.5 


Maximum wait for timeslot 


12 cydes 


12 cycles 


CPU rate 


13.3 MHz 


13^ MHz 



Since timeslots are integral multiples of 4 cycles the maximum wait for a timeslot and hence minimum the 
CPU rate must reflect this. 
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Table 79 shows the average CPU access with 4 cycle DRAM access and pclk = 160 MHz. This will be a 
bursty access. 

Table 79. Average bursty CPU access with 4 cycle DRAM access and pc/it= 160 MHz 







rimeslots left for CPU 


34,95 


30,8 


Maximum wait for timeslot 


8cydes 


1 2 cycles 


CPU rate 


20 MHz 


13.3 MHz 



Interleaving of CPU and write accesses with shared read bus accesses will mean some of the timeslots will 
take 3 cycles rather than 4 cycles. This will mean that CPU slots will be avaUable more frequently and 
higher CPU performance is attainable. 
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20,13 Implementation 

The DRAM Interface Unit (DIU) is partitioned into 2 logical blocks to facilitate design and verification. 

a. The DRAM Access Unit (DAU) which interfaces to the SoPEC DIU requesters. 

b. The DRAM Controller Unit (DCU) which accesses the embedded DRAM. 



r — 


SoPEC 


1 

1 . 


Units 


1 
1 




1 

1 

1 L 



DRAM Access Unit (DAU) 





ORAM 


1 
1 


eDRAM 




Controller 


1 






Unit 








(DCU) 


1 
1 
1 











FFgure 83. DIU Partition 

The basic principle in design of the DIU is to ensure that the eDRAM is accessed at its maximum rate 
while keeping the circuit latency for each access as low as possible. 

The DCU is designed to interface with single bank 20 Mbit IBM Cu-1 1 embedded DRAM performing 
random accesses every 3 cycles- Page mode write accesses, associated with the CDU, are also si^ported. 

The DAU is designed to support interleaved accesses aUowing the DRAM to be accessed every 3 cycles 
where back-to-back accesses do not occur over the shared 64-bit read data bus. 
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20.1 3.1 Definition of DCU lO 



Table 80. DCU fnterface 







m 




Clocks and Resets — — «— =*. 


pcik 


H — 


In 


SoPEC Functional dock 


prst_n 




In 


Active-low. synchronous reset In pdk donfiain 


Inputs from OAU 




dau_dcu_cmdavail 


1 


In 


Signal Indicating a DAU comnnand is avaitcOMe i.e. 
dau^cmd^adn dau^cmd nvnand dau^cmd /efrss/i are vaQd. 


dau.dcu.cmda(f r(21 :5] 


17 


In 


Signal indicating the address lor the DRAM access. This is a 
256-bit aligned DRAM address. 


dau_dcu_cmdrwn 


1 


In 


Signal indicating the direction for the DRAM access (Isread 
0=swrite). 


dau_dcu_cmdrefresh 


1 


In 


Signal Indteating that a refresh conrmiand is to be Issued. If 
asserted ctau.crmLadrand <Sau_cm(Lr^ will be ignored. 


dau_dcu.wdata 


2S6 


In 


256-bit write data to DCU 


dau.dou.wmask 




In 


256-bit write data mask to DCU 


dau_dcu_wvand 


17 


In 


Signal indksating valid write data and wrfte mask. 


Outputs to OAU — 


dcu_dau_cmdaocept 


1 


Out 


Signal indk::ating that the DCU has accepted a valW command 
from the DAU. 


dcu_dau_refreshcomplete 


1 


Out 


Signal indicating that the DCU has completed a refresh. 


dcu_dau_rdata 


256 


Out 


256-bit read data from DCU. 


dcu_dau_rrvaDd 


1 


Out 


Signal indtoating valid read data on dcu fdata. 


Outputs to DRAM = 


i 1 


Inputs from DRAM 


I I 
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20.1 3.2 Definition of DAU lO 

Table 81. DAU Interface 



Clocks and Resets 


pdk 


1 


In 


SoPEC Functional dock 


prst_n 


1 


In 


Active-low. synchronous reset in pdk domain 


CPU Interface 


cpu_a(ir(9.'2) 


8 


In 


CPU address txis. 8 bits are required to decode the 
address space lor this block 


cpu_dataoiit[3 1 :0 j 


32 


In 


Shared write data bus from the CPU 


d ju_cpu_data[3 1 :0} 


32 


Out 


Configuratk)n. status and debug read data bus to the CPU 


cpu_fwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_aoode[1 :0] 


2 


In 


CPU access code signals. 

cpu.acode[0] - Program (0) / Data (1) access 

cpu.acode{1] - User (0) / Supervisor (1) access 

The DAU wra only allow supervisor mode accesses to data 

space. 


cpu^dhj^sel 


1 


In 


Block select from the CPU. When cpu_dlujsel\9 high both 
cpu.add'rand cpu^dataout are valid 


diu_qju_rcfy 


1 


Out 


Ready signal to the CPU. When diu^cpu_txfy is high it indi- 
cates the last cyde of the access. For a write cyde this means 
cpu^dataouthas been registered by me bk>ck and for a lead 
cyde this means the data on diujcpu^data is valid. 


dtu_cpu_berr 


1 


Out 


Bus error signal to the CPU Indicating an invalid access. 


DIU Read Interface to SoPEC Units 


<unlt>_dlu_rreq 


1 


In 


SoPEC unit requests DRAM read. A read request must be 
accompanied by a vaOd read address. 


<unlt>_diu_radr(21 JS] 


17 


In 


Read address to DIU 

17 bits wkJe (2S64>it aligned word). 


diu.<unit>_ffack 


1 


Out 


Acknowledge from DIU that read request has been accepted 
and new read address can be placed on <unit> diu mdr 


dlu_data(63:0] 


64 


Out 


Data from DIU to SoPEC Units except CPU. 
Rrst 64-brts is bits €3K) of 256 bit word 
Second 64-blts is bits 127:64 ol 256 bit word 
Third 64-bits is bits 1 91 :128 of 256 bit word 
Fourth 64-btts is bits 255:192 of 256 bit word 


dram_cpu.data[255:0] 


256 


Out 


256-(>it data from ORAM to CPU. 


diu_<unlt>_rvalid 


1- 


Out 


Signal from DIU telling SoPEC Unit that vaikt read data is on 
the diujdata bus 


DIU Write Interface to SoPEC Units 


<unit>_diu_wreq 


1 


In 


SoPEC unit requests Of^AM write. A write request must be 
accompanied by a valW write address. 


<unit>_diu_wadr(21 :5] 


17 


In 


Write address to DIU except CPU. CDU 
17 bits wide (25S"blt aligned word) 


cpu_adr(21:0J 


22 


In 


CPU Write address to DIU 

22 bits wide (8-bil aligned word) 

Addresses cannot cross a 256-bit word DRAM tioundary. 
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Table 98. COU registers 



0x64 



JpgOecTOata 



JpgOecPVahje 



13 



16 



0x0000 



0x0000 



pot ^^llwffiM8>c8btoek Of ihe test data. 
12 -TSOB oolpirtof CS1650. Indicates the first out- 
put byte <rf eact. 8x8 block of test data 

coefficients or quantized coeffiaents dependino on 
value of JipgOecr?ype. "f^namgon 



Decoding parameter bus which enables various 

paranieters used by the core to be read. The data 
av^iable on the PValue port is (or infocmatioo^y. 
and does not contain control signals for the deooder 



Brt 21 -ipg^coro_sm{n set. imlicaies that the JPEG^ 
^^^*^'^""«*'***"«he output jpS 
halfclock douWe-buffera of the COU are WO 

Sl^'c^***-'^^^ ''onal is an output from 

Bitel 9-16 - ffifo_eon«snts (HFO at inpiit of JPEG 
decoder core) 

CS61S0 (see Table 100 for description of trft»i 



22.5.3 Typical operation 

•n«CDU should only be staited after the CFU has been started 

fl^. Useis then set the CDlTs Co hk^J^r^^XZ ^^A.^"-^'^'^^'^ ^«^«/- 
for the band has finished bem/^:.!" .Z^^"* VI* """'^ ^« compressed contone daia 
indicating that the memoo^ J^^y^^£t^^ T^SJ^ ^ ^ ^^U and CPU 
band of contone data. ^'^^ fi«t band is now ftec. Processing can now start on the next 

for restarting the CDUbet«4«lS2: ^ ^ **° 

.Xe^^^S^registetJ^;^^^^ 
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already 1 the CDU . ""''^ cdujinlshedband. As NextBandEmble is 

gnun the CDlTs next band shadow x^gisten. ^?^:^Sifb" ""^'^ 

«ng again. An intcnupt is sent to the CPU by^ST / ^^^^^ 
reset by n«.ansofa Write to its/^«e.„giLt?o^re:^^r^^^^ ^ should then be 

22.5.4 Read control unit 

rccdvingthe data fiom the m^^Tc^Zx^fTJ^t^ ^ ^"f^ 25<Hbit accesses, 

accesses to DRAM is described iT'Ci o^?0 9^ on ^STviZt^- ^ ^"^T ' '^^^ 
by means of the state machine described^ R^To^ ^' implemented 

^^dtTth^stL^'^nttirserrs^^^^ 

h wheth^rto attemptto rJtb^doftS^^S^^^^^ 

docs nothing. When DoneBand is clear, the state n^^J^J!^, ^''"^ « set. the stale machine 
up to 256-bits at a time while there iV ^TZ^ftT^ COTitmues to load data into the JPEG input HFO 
knowledge about nuSL^M^<^nSZ!^25 ''"'^ '"^^ no 

by consecutive reads ftoS SlST^^^^ 
a.lcastat«.pea.ORAMJ^ld^J2.%Tr^^^^^^ 

^r^-r^^ ^ * «ad access. . is 

diu_edu^id belnit j2Sd^21 ^ '^^ ^^'^ value is letunied. indicated by 
*«/_o/J««Lo«: «--^ou^.«£r « compared to both ««/^e_S^anJ 

is set TTie remS C^Sf Ja^^T^'te^SfSSr'"^ is ouQmt. and the Z>c,«eira«/bit 
theHFO. "***'*^*^*'«'^^U««»«no«d.i-e. they are not written into 

' ^'i^i^l^iSrjS:!^^^ - "J-' ^'^^<^-adr. then 

whether c«^^<,«^'!«rf. Z^ ZiT^^'^ZT^/rT-'''^ t ^^^^-^^^^ ^ 
FIFO is 0. ^ control 

«'rr^o«n»_afi&- is output to the DIU as crfK_</m_raa>: 

incremented. ^ asserting fi/om-. 3adJ^o_contents/3:0J aiid/ifo_m-_adrp.oj are bodi 

^° ^'^^ is dataavailable in 

data fiom the FIFO. NoS^^o poSwf to b3^^,^'^EG - "^^^ -^^^ 

•ster to 1 . In this case data is sent ^rectl7fromSro to t^e StTJ^'S l^Tl"^' i?>pa.^P« reg- 

;;^;r?rci^Tir^^^^^^ 

ne.byte.^eread.ddressis^b?:ST.^1^ 



r iru oy assertrng^f/o^n* ^dJifojcontents[3:0] is decremented 



cduuiiUJL/raq > o 



Reset QHpfy;! n^i^ 

i8nore_data « 0 

^ reset ^ 



< 



C 



fiQ^t AND 



odu_d{u.rr6qeO 



req 



fflp contents iti^-^) 



ocfai_diu_rreq « 1 
tDnore.data • O 



ack 



•Onoraudata • 0 



and *otf«^ 



cdu_cfiu_rr5q « o 



read 



Figure 101. State machln* to read compressed contone data 



22.5.5 Compressed contone FIFO 
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Note that ValidBytesLastFetch i« <vir,i»i - • 

gi^ed for the next bwd tefS ^ ""^^ as it may be possible for the CDU to 

■ FIFO (as an addiUoS effect^f^f L'S^^^^ compressed contone data has ^^"S 
.one data must be more than 4 x S-bi^ o^ 32 b^ ^^S) """'""'^ 
22.5.6 CS6150 JPEG decoder 

the CS6150 JPEG decoder °^ ^ (AmphionhkvelS^tlS 

JPEG decoder on a single color pixel-by-pixel basis^hS «f * 5 r mechanism for stalling the 
tte PixOutEnab input to the JPEG <iZZh^^'SoL^Iu'^ °^''u'^'^ " '^^^ by 

S^^Tc'o^^^^f^™^'^^^ 

quantization tables. re^rtiServdStion^H^ bytestream contains data for the Huffinan tabS^ 
Ac JPEGbytest^am automSy'SS^J^^rr^ 

SgilS^rX^-SttrL^jLt^^^ in^ges^erthan 
Lmes (DNL) marker at the end (norSyjy^.^^*^ °^J?- ^'^ ^^ ^« bas a Define Number 
vendonof theCS6,50). ^^^^^^l^JZ^tr^^i^^JT^, 
SeetheCS6150Databookfl71formo™d«tv, u be generated, 

inters. Note that [nfdL'lS'S^e^rXt^"^^ '"^^ of the 

length as this is a modification to the core. ^ " «ban 64k lines 

readSm DlS^'uTbeln r^e fo^'^ J?^^ ^V^' « then the data 

P«eUi„theco„ectco,ororder.TT,edat?™SS?S 

The fonowing subsections describe the means bywhichtheCSeiSOintetnalscanb^ 
2ZS.6,1 JPEG decoder parameter bus 

T^e decoding parameter bus jfeg£tecP»&/«c is a Ifi-hitrv^rt a. ' 
from the input data st«am and'^tly^d by T"" "^""^ 

mines which internal parameters are disnlav^a T (A^DecPiype) deter- 

thePKa/..port does ^;>t cont^^SnJoTirS^^SfyTSS" '"'^^^ '^'^-^^^^ 



Table 99. Parametw bus definitions 
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T abic 99. Paramete r bus definitions 



0x3 



0x4 



0x5 



Cs2I7:OLTij2C1:0LV2t2:O] 
.H2|2:0| 



Cs3t7.-0LT«i^ 1 :0LV3IM1 
_H3p:0] 



OxB 



000_HMAX12:01.VMAX(2: 
OL MCUBU<I3.«LNS(2:0] 



CsO: identifier for the first scan component 
TqO: quantization (able identifier tbr the first scan compel 

vSu^^lT""*"^ "'^ component 

HO: horizontal sampling (actor for the first scan compo- 
nent. V^ues = 1-4 



Csl. Tql, VI and HI for the secor«d scan component 
VI. Hi undefined if NS<2 



Cs2.Tq2,V2 and H2 for the second scan component 
V2. H2 undefined if NS<3 



Cs3. Tq3. V3 and H3 for the second scan component 
V3. H3 undefined If NS<4 



HMAX: maximal horizontal sampfing factor in fiame " 

maxima^ vertfcai sampling 
JWUBUt number of t,tecks per MCU Of the cunent acaa 



WS: numberof scan components in cunent sc an, 1-4 

22.5.6.2 JPEG decoder status nglster 

ilJ't^SS prS'S:;^*^'^' ^'^^^ When an enor is detected dur- 

sef t to ScP?f by^;^* ^mpitssion process in the JPEG decoder is s^ispended and an^^mTs 

'^<^^y oI^^-^^^S'^%'''J:^^^ of a/^r^.^r^_. 

*e JpgDecStatus mister The r«!«i«» c^or by reading 

is «quiied from thVtS^T^J o^rShT!"^"^'^ ^« «d so no intervention 

ceUation. the J^^i^l^^L Z^'" " *^»°^« "nor can- 

moie e.T;ts. """" the next Start Of bnage (SOI) without triggering 2y 









j 11-8 


TbCDefI3:0] 


,^„^ „, nunmaniaoiea oeiined. Ibit/table. 

Indicates the number of quantization tables defined, ibltrtabia ' 


[_7 


OecHfError 


Set when an undefined Huflman tal^e symbol is referenced duHng deco;«ng. 
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Table 100. JPEG decoder status register definftlons 



aSBnor 



HtError 



QtError 



OecEmof 



me that SoPecSerJi^l^^V^J:T '^^^ 

64k lines. ^ '"^"^"^ °-^«loelUMf images /onger than 



Sol when an invalid OHT seflment is detected. 



Set when an Invalid dqt scfliwent is detected 



Set wfien anything other than a JPEG maikeris inpuT 

Set when any of DecFlag8(6:4] are set 

Set when any data other than the SOI martcer is detected at the start of a stream 

Setwhen any SOFmart«rIsdetectedolherthan SOTO SetlfH^mmT!^ 
man or guanCzatton defintCon is detected. """""^ ^^'^W^vtetaHuff- 



22.5.7 



— ""'wtv^Mnneoeoooingste te. 

Half-block buffer interface 

to stall the JPEG decoder c^Li^^^^tiifS^G^^^'t^ ™' "'^"^ us to be able 

pixel). We provide a mechanism for stS SSfS ««« 32 pixels (8 bits per 

half JPEG blocks to decoupk ^EO SLS^T,!^ ^T^""- I^'IP^^'^ « «t of double buffered 
DRAM(writecontrolumt).DL^^4^°^^;^^'KT^^ »<> 
only asi«gle color plane. Da.aexits'^^'^S^in!^^ 

^b'S^tS^^SJl^:^^- single JPEG half-block buffers «k1 some simple 



1 hair4iJocfctiij|«urlnfBrfaca 



P«_out_valld 
iPO-Oore^stflll M- 

fdk.enabie < 




half.biocic.o*^^to.foad 



oAudiu_data(63:0] 



Figure 102. Block diagram of half-block buffer Interface 
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22.5.7.1 Half-block buffer select unit 

this case. e«:h buffer is a half JPEG bSi^32^jSS;:2^^^^^^ 

^«1.rLraSeb\tt^^^^^^^ and 
single bit (wr_buff) for the cunent C^r 

halfMock_ok_to_read equals buff aJm^t^ ^ "I *° «^«P« value 

^ff~<-^ai-'rJ>um.^)pg^co^f^^^ JPB-Core_^aU equals 

the production of pixels. The dock ^ng S p«fo™^ il Sr^^^^^ ^'^^o « ^ stop 

output from the CDU. When idnn^M.^x^tu . ,^^^^ enable 
(iclk_enable is the inverseofj^^f ^ ^^"^ ^» /'^^-e-'Afe is 0. Mk is 0 

S!o:«:^?:^-£:^*ituS'o7chi:^^ -^-^n^ is ir^ertcd. 

mented whene4^ o^mTx ^S^f ^''^^ It is incre- 

;.«.o«r_v«/itf ANDed,.ithaeinvi^o>W^^ "^^ equals 

ANDed with rd^adv. <»» JPg-COrc^L The output n/_«, equals half_block_ok_to_read 

22.5.7.2 Contone plane buffer 

Each contone plane buffer consists of two half JPFOM«w.irK..«v-. t ... 

ure 103. ^ '^"'^^ » shown in block diagram form in Fig- 



rdjbuH._ 



rd_on_ 
v»r_biiff_ 



Pluef-data 



JPEG 
telf-blockbuffero 



itf_en 



Pbcgl data ^ 



JPEG 
hatf-btock buffer 1 




«tfu.dlu.data(6a:0] 



contone plane J 



Figure 103. Contone plane buffer Interface 

.?^c.'?i'eSt^"2^^^^^^ '"^'tr ^ ^"^^ Of combinatorial 

lected at the first shifT^SrlnV^^S^S^rrl tf ^L^^ " " 
.sterin64bitqu^.,tie.r^.„a.^„^,iJi— 
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22.5.8 Write control unit 



ORAM 




255 191 127 M 


0 


C 


\Lo 1 a 


IjO I C 


LO r a 




wordp 


a. 


Lt 1 C 


- — 1 

LI J C 


LI 1 a 


ILt 

IF 


c 


L2 1 C 


— # 

L2 1 C 


— * — 1 

L2 t d 


1 C3L3 1 cl 


i-3 f CI 


L3 1 C0L3 



255 




words fn one DRAM rmh; lor a slnate 
COU access to ORAM ^ 

f^-CotorX 

LY - Une Y or 8 bytes of a Bne In a JPEG Wock 



R9«™ 104. ORAM torage amingomert for a stnglo ,i„e of JPEG 8x8 block. In 4 eolo« 

of M°?rJ?.^.^^^^^ sec^Ki 4 li.es separately in 

blPCIc 0. color 0. line o in „or<l p bics 63-0. line 1 i„ p.^ „ „ 

line 2 xn wor^ p., bi,» «-0. lino 3 in word pO bftf e"" -0 . 

Mock 0. colo. 0, li^e 4 1„ wor. , Mtc 63-0, line S in word ,.l bits 63 0 

l.ne 6 .„ „ord <,.2 bits 63-0. line 7 in vo J" ,0 bi JVs-'o. 

block 0. color 1. line o in word p bits 127-64 , < 

it^^ •» J . "■"•tB line 1 in word p+l bits i9-7 d 

line 2 in word p*2 bit. 127-64, line 3 in wox^ p.3 bits x;7.s4 

block 0. color 1. li^e 4 in word <, bits 127-64. line S in word ,.1 bit. 127 64 

line 6 xn word ,*2 bite 127-64. line 7 i„ wor^ ,0 bit» \27-64. 
repeat for block O color 2, block 0 color 3 

block 1. color 0. line 0 in word p.4 bit. 63-0, line 1 in word p.5 bit. 63-0. 
etc. 
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the individual bit ^te i^ul of t^ D^^^"^!^''' "^"^^ ^ ^""^ « rmsLVng 
only 64 bits out of the 252-bit access to DR^J^^^^.^^^^ ^ from the CDU 

by the DIU. TTus means that the deeompre^c^o^ i!^^ the remaming bits of the write are masked 
wnte masked accesses to 4 consecudvTS oSlSTti^rw^r ' •^""-"-'^ 

cycl.^. All counters and flags should be cl^d ^A^tS^^ ^ ^^'^^ * 4 x 64 bits over 4 
ft *^ ^ initial ^.S^fl'^ ^^"^ ««f*itions from 0 to 1 all counte.. 

block to DRAM. Once the half-blo<i hS^^Z^ • *° write a half JPEG 

-quesu a write access to DRAM b^Z^T^J^ * "<x='^ s,ate^«^ 

^ to the fim 64-bit value to be writS^T^f ^odJ r^T' «>nt«pond- 

access of 4x64 bits is issued by the CDIi ThVi^ul' ^ «-bit value in each 

fourth 64^it values). The state^t^Se ^efv^u J^o^fT^^^ ''''^ secoT^Z^ 

lag a read of 4 64-bit values fh)m the half-block b^er^^fr^*^'*^** Wtiat- 
pm c^u_rfr„_Ma-a/«/ is asserted in the Se aSr 

the cdu_au_dau. bus and should iS v»3^5«. to ftlt'^fi^^.^^^^^ that valid data is present on 

cleared and Iwrjudjblock^adr gStadS^ft ^j^T^" 5 »° ' ««d flags shouldt^ 

buff-ftcu^_adr-^maxj>lock^r I * b^-ftart_adr and uprJuUfbtock^ gettloaded with 

i!f output to ORAM 

// corresponds to li„enu»ber, only first . 

// xasued for each DRAM access. IlL^f T 

cdH_ai„_wadrt«,3, . color ""^ "i" o^ho'^^es:'"'^" 

if (half == 1) then 

^^^cdu,diu.^^,,,,„ . ^._..lf.locK.adr of ^ 

c*..d.^^^,,,,„ , l.r,.al«.loc^.^ „ ,,„^^ ^^^^ 

If (half « 1) then 
half « 0 

if (color -= oAx^i^ne) then 
color t 0 

" pul^'^w^ad^^^li^e'""" - of jpeg blocks 

block • 0 

// update half block address for start. - ► 

// account of address ^^ptlrl L lt^uttj^^V^'''^ °^ »»look8 taking 

if (upr halfblock_adr ^^ff^,;^ then """^ * "~ """"^ 

upr_hal£block_adr = buff start w, 
elslf (upr_halfblock_adr * bl^c^/lT-^?:'' * ' 

upr_halfblock_adr = buff^^Irt '^"-'"'i^adr) then 

else 
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else "^■^-'»1«'1«>«'^-* = upr_halfblocK.*dr . max_block . 2 

block +••- 

upr_h«lfblock_adr 



else - ^ to address for lines 4-7 for next block 

color 

else 

half = 1 

if (color max^plane) Chen 

if (bXoc. =. „»x_bl.c., then // „a of writing . ii„e of ^pkg blocks 
// update half block address for al•-*-^ «f «^ , . 
. // -ccounc Of Address wS^LgTn ct^urfr^L""' °J """"^ ''^'^'^ •^«"«' 

elsif {lwr_h«lfblocK_adr * nwucblock ♦ 1^"k..« \ . 
else 

lwr_h-l£block_adr - l-r_h-lfblocK_«ar ♦ »*^loclc * 2 

else 

Xwr.Halfbloc.^ad. „ ^^^^^ ^ ^^^^ 
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Go ««q 
cdujtRujwreq s 0 
odu_d(u_wvatid « 0 
vd.adv-O 
fdjdv_fiatf_b(ock«o 



Resat oq pfst n g 

cdu_d/u»wvalid « 0 
rd.adv « o 
rd^edv^helLbiockeO 

{ reset ) 



idle 



c 



odu_dwj_wfoq o o 
cdu.diu^wvaiid « 0 
#d_adv m 0 

ftf-adv^halfjbiock « 0 



req 



c 



odti.dlULwreq - f 
odu_jdiu.%vvalld3( 
rdjadi^sO 
nljadv.hait.block 



ack 



c 



3 



cdu_di u_%vreq » 0 

<XiU.diU_lMVBfid m 0 

nJ_adv « 1 
«LadiL.halt_block« 



read 



c 



3 



odu.dlu_f¥raq«0 
odMjdiu.«waOd « i 
rd_8dv>i 1 

nLadv.half_block - o 



write I 



c 



3 



CQ(u_diu_«vreq n 
cdu_dlu_wvafid > 
»d_adv * 1 

rv'.advjhalC.btocktiO 



>0 
1-1 



write2 



c 



3 



cdu_dlu_v«-eq e o 
odu.dfu^wvaud & 1 
rd.affv« t 

«i.adv_hafLbfock- 1 



odu.diu.wreq « 0 
tt^u.diu.wvalid » o 
(d.advai 0 

rd_adv.haHL.b(ock » 0 



write3 



cdii_dJu_wr©q «= o 
cdu.diu.%wvaSd « f 
fd^adv « 0 

«<d^atfOtalLblocl(aO 
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2Z5.9 Contone line store interface 

write to. Thus the size of the Unc storein DR a .iV^ ^ -^^ "^"^ b^mes free for the CDU to 

line store interface is " ""^^.^ f ^ "^^ -"i^i^^ ^i^e of the 

schea,e while 16 lines provi<i^ l^ollXX s^e ^'"^ 

s^s D^xra^^^rx iT^^ix-t:^^^'^ ^^^^ 

set to the value of num buff uT^ T^C^Z^Jf^ ^ transitions from 0 to 1. numjines^cvail is 
available for 8 lines, i^^^^^^^l^^^^'' *° '° ^ as there is space 

>vriti„g 8 lines, the ^Irite c^Sl^s^^di^-Srl^; "T" ""'l ^^^^ ^^^ed 
CFU. and n«m_/iher ^vSriTS^Lmr t T^^S 

««e.^/^r«.^JL/o_HWretobesetiain^^??i,f^^^ ^^o' t^^n waits for 

priately.and sends its own nfcrfv/SaitoAeCD^ 
Itfinish^ieadingthen^n^^^Ij^SLt^^^ 
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23 Contone FIFO Unit (CFU) 



23.1 Overview 



^r^uSS .Td^ ^-P--<« --one data layer fro. the 

color in^on in ^4 Sr^es Cdl«t H^'T!; *° '^^^ followed by oJS,^ 

fonned in the horiSntal and v^SSTi^^J^^^^cS; ^CtH ^'^^'''^ 

printer resolution Non-integer scaling is Z^^^b^Z ^ '° *e 

caU^thescale^r^Hhethes^i^lnhoTSoir^;^ 

23.2 Bandwidth requirements 

direction is performed at the out^tt ooJ^^fU o^rSl^^J^ *° ' ^ ''P*- R«P«««ion in the X 

tion is perfonned by the CFU rSlg e^h Z a ntiSStr^^ Y diiec- 

DRAM The HCU generates I doT^SSin ^ ^"^'''''i^S to the Y-scale factor, from 

1 side per 2 seconds for^bIeS A^SSi or^f.°^^^ ''y^'"^ ^ "f 

colorcontoncpixel(32bits)«^SF^es 

ftom DRAM at SJ3 bits/cycle'. ".u.»uppon lor 4 colors at 267 ppi the CFU must read data 

23.3 Color space conversion 

^cS^cotiij^^LT^^^^ 

and K. directiy represented by CM^X ^ S SoS^' r"*"* ^'^'^ "''y b« Q M. Y. 

multi-SoPEC printing with exL colore. ^ represent gold. metaUic green etc. for 

^^'S^^'^'^S^'llV ^^'^^^ -hen l^ninance and chrominance 
luminance infoL^ti^and ^mn^^ be luminance. . but C. M and Y each conta^ 

fore p„,vide the means by wMch Si^^t';3^pS:lXSt 5^"^*" "i'^' 

sion. H«>!«u TO Jiorin^ as YCiCb. FC does not need color conver- 

"^^S S^SSS'TS S vc«, 

loCMY. '^^•"''^'^"'*«™«*'l«»"lorcoiivertrftoRGB.ii»afc,.l!ybiick 
no,«ala«l to o«w 11 2M of „ 8.M, iSSy'^^.S except U»t Y. Cr Cb 



I. 32 bits / 6 cycles = 5,33 bits/cycle 
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1 color plane, no color space conversion 

• 2 color planes, no color space conversion 

• 3 color planes, no color space conversion 

• 3 colorplanesYCiCb. conversion to RGB 

• ^ color planes, no color space conversion 

lae xVtCb to RGB conversion is described in fUl Nnte th^t if fk^ ^ ^ • 

23.4 Color SPACE INVERSION 

n»y be used to provide planJ corielati^ oSJ^*^^^ 
C^f 255 " relationship: 

• M = 255-G 

• Y«=255-B 

• G-255.M 

• B«255-Y 

23.5 Scaling 



else 



count = count ♦ denorain^tc 
advance = o 
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23.6 Lead-im and lead-out clipping 



block n below) wUl be the last JPEG blocS^^the fJ^Sl c ^J~«°'l^ of 2 SoPECs (JPEG 
line printed by SoPEC #2. PixeTsIn tST^EGtlo^k SS^Jl^Sfpl!?!?* ^ "'ock in the 
ately setting the LeadOutaipNum Pixels to Ait f^pX V^ / -^^^^^ *^ »>y appropri- 

at the beginning of each S^n^^ofXS^y^^^^T'"^ '''I ^''P^^^ *^ mustlte^o^ed 
LeadlnClipNum register. ^ " ^ «ach line is specified by the 

spond to JPEG block m butX^u^S.?!/^ I Afoxff/ocfc register in the CDU is set to cone- 
block «.A Thus iPEG bSSctis'^^^t \ySS"««^ m .be CPU is set to correspond to JPEG 



SoPEC#1 
tead-ln aiea 



.SoPH:«2 SoPECfi 
lead-Kierea leadoutaroa 

\ : / 



SoPEC#2 
lead^ area 




SoPEC #1 prints left 
srde of page 



SoPEC #2 prints right 
sWe of page 



Figure 106. Lead-in and lead-put dipping of contone data ,n n,u.ti-SoPEC envi,o„n,en. 

''^^f'^^'^^^STZT^ are scaled up to the printer's resolutior. Tl.e 

Length register defines le^Seoffte^S S^^l ^ «ttmg the AirartQ,«„r register. The HcuLine- 
m,Ischescalingof.helastXfi?e SSf^tn^^^ 



Doc: SoPec_hafdwafe_design 
Version: 2.3 



S3 Proprietary Document 



29 f^w 2002 
Page 289 



SoPEC : Hardware Design 



23.7 Implementation 

Figure 107 shows a block diagram of the CFU. 



[ 



ORAM Interface Unit 



_ Contone 
Decoder Unit 



.^64 



decompressed 15^ 




wr Jbirft rti_boff 



y 17 



Y-scaling 
control unit 



^32 



Cb 



Cr 



color space converter 
cp3 cp2 cpl cpO 



YCrCb2RQa 



I friwen_ool(yLpiane 



17 



15/ 



IS 



oonfigxfration 
registers 



."8 



output 
doutjJe-lxjffer 



wr_bun. fd_txiff 
-I Jg^ wr:,an.rd^en 



8 y '8 y 



^ ^ ^ t t + 



8 y 



8 > 





1 — 


' — 1. 

^ ItneS ok to read 


contone 
fine store 
interface 





X<6canng 
control unit 



Contone 
RFO Unit 



Halftone/Compositor Unit 



□ 



PEP ControUer Uait 



Figure 107. Block diagram of CFU 
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23.7.1 Definitions of I/O 



J^nl ^"^ description 



PCU Interface 



pcu_cfu_sel 



diu_data[63.-01 
CPU Interface 
cdu_cftj_wfadv80ne 



HCU Interface 



haj_cftj_a<lvdot 



cfu_hcu_avail 



cfu_hcu_c0dataf7,*OI 
cfu,hcu_c 1 data{7.-0] 
cluLhcu_ c2dataf7:0] 
cft*-,hcu^c3data[7.'0] 



In 



(n 



System dock 



In 



In 



Jn 



Bto<* seie« rrom ttie PCU. When pcu,Gtu_seiis hfgh both 
pcu^adrand pcu_clataoutare valid. 



17 



64 



Out 



In 



In 



In 



CFU read request, active high. A read request must be acconv 
panied by a vaifd read address. '"us^ oe acconv 



Acknowledge from OiU. active high. Incficatos that a read 

n^^^'^^'L^'^P^'* and the new read address can be 
placed on (he address bus. cfu^Oiu^radn 



Out 



Wrfte Sfira pulse, active high. Indicates that the COU has fin^ 

^ data to the dr- 

buffer In DRAM and the data is available to be read ^Tthe 



kS? "^"^P'®^ contone data to the circular 
buffer m DRAM and that fine of the bu«er is now free. 



rnfomis ine CRJ that the HCU has captured the pixel data on 
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23.7.2 Configuration registers 



The configuratioa registers m the CFU are programmed via the prir,-n»«^o^o or. 

page 257 for the description of the nrotoonl V-ST^ T . ">terface. Refer to section 21 .8.2 on 

CRJ. Note that rin23^°s« j^L^ 1 - ''^''^ ^"^ ^^"^ 

and writes, the lowTrYbS of thL PcS X^^^ 

Table 102. CFU i^glsters 



Control registers 



0x00 



0x04 



Resot 



Go 



0x1 



0x0 



A write to this register causes a reset of the CFU. 



Wrfting 1 to this lej^ster starts the CFU. Wrltina 0 to this 
register halts the CFU. 

When Go is deasserted the state^acWnes go to tfielr 
die s^tes but aJI couoters and configumtion registers 
keep their values. w«»MSfw 

When Go Is asserted a» counters are reset, but configu- 
ration registers keep their values (I.e. they dont get 
reset). 

Ihe CFU must be started before the CDU Is started 
"Hits register can be read to determine If the CFU is run- 
ning 

(1 • running. 0 > stopped) 



0x10 


MaxBfock 


13 


0X000 


Number of JPEG MCUs (or JPEG bh)Gfc equh/atents le 
8x8bytes)inaKne-l. 


0x14 


BuffStartAdr 


"Is 


0x0000 


Points to the start of the deoonnpressed contone circular 
buffer in DRAM. aOgned to a half JPEG bkKk boundary 
A half JPEG block consists of 4 words of 2S6-bits. 
enough to hold 32 contone piMelsln 4 colors, i.e. half a 
JPEG block. 


0x18 


BuffEndAdr 


15 


0x0000 


Points to the end of the decompressed contone circular 
buffer In ORAM, aflgned to a half JPEG btock boundary 
(address is Inclush^). 

A half JPEG block consists of 4 words of 256-bits 
enough to hold 32 contone pbcels In 4 oofors. I.e. half a 
JPEG bk)Ck. 


OxIC 


4LineOffset 


13 


0x0000 


Defines the offset between the start of one 4 Une store to 
the start of the next 4 Une store. In Figure 108 on 
page 294, If SufSea/Mrfr corresponds to line 0 block 0 
then BuffStartAdr-^ 4UneOff$0t corresponds to line 4 
block 0. 










This register Is required in addition to MaxBtockas the 
number of JPEG blocks in a line required by the Cf=U 
may be different from the number of JPEG bfocks in a 
line written by the CDU. 


0x20 


YCrCb2RGB 


1 


0x0 


Set this bit to enable conversion from YCrCb to RGB, 
Should not be changed between bands. 
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Table 102. CFU registers 





0x30 



0x38 



0x3C 



0x44 



InvertCotofPiane 



teadlnO^Num 



UadOiitClipNum 



XscaleNum 



XscaleOenom 



YscaleNum 



YscareOenofti 



0x0 



0x0 



0x0 



0x00 



0x01 



0x01 



0x01 



0x01 



tesis ^ to ^"^"^ bit-wise Inversion on a per color 

bilO - 1 invert cokir plane 0 

- 0 do not convert 
bitl - 1 invert cotor plane 1 

0 do not convert 

1 Invert cotor plane 2 

- 0 do not convert 
1 invert color piane 3 



btt2 



Number of contone pixels to be Ignored at the start of a 
fine (from JPEG block 0 in a fine). They are not passed to 
the output buffer to be scaled in the X direction 



Number of contone pUets to be Ignored at the end of a 
nne (from JPEG block MaxBkKk in a Bne). They are not 
passed to the output buffer to be scaled m the X drrec* 
ton. 



Value to be foaded at the start of every fine Into the coun- 
ter used for scaling in the X direction. Used to control the 
scanngofthe first pbcel in a line to be sent to the HCU 
This value Witt typically be zero, except in the case where 
a number of dots are clipped on the lead fn to a line. 



Numeiator of contone scale factor In X direction. 



Denominator of contone scale factor In X direction. 



Numerator of contone scale factor in Y direction. 



23.7.3 



Denominator of contone scale factor in Y directton. 



Storage of decompressed contone data in ORAM 

•Hie CFU reads decompiessed contone data fiom DRAM in single 256-bit accesses JPFO WocVc 

256-bit DRAM access. o^-oits in 4 colors from a single line in each 
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4 fine 
siore 



ORAM wordp 



DRAM word 



DRAM 



4 line 
store 



ORAM«rardp44n 

ORAM wordq 
ORAM word <^ 



JPEG block 0 
Ifnes 0 to 3 



JPEG Woe* 1 
iines 0 to 3 



255 


191 


127 


63 C 




ca^o 


J C2LjO 


CiLO 1 


COLO 




C3^1 


1 C2L1 1 


C1L1 1 


C0L1 


wordp^l 


C3Jg2 


1 C2L2 1 


C1L2 1 


C0L2 I 


wordp4-2 




1 C2La 1 




JQDL3 1 


wordp+3 



JPEGWockn 
Hn«s0to3 



JPeObfodcO 
flnes4to7 



JPEG block 1 
iines4to7 



ORAM word q«4n 



JPEQbtockn 
lines4to7 



255 



191 



127 



C3^ r 


C2b4 1 


C1L4 1 f^r A 


C3^ 1 


C2LS 1 


C1L5 1 COI«> 


C3^ 


C2L6 1 


C1L6 1 C0U6 


03^7 1 


C2L7 1 


C1L7 1 C0L7 



wDrdq 
word q^i 
wordq+2 
%vordq^3 



< '''Vfles one 256 bit read of a word ki DRAM 

CX-CotorX 

LY - Une Y or 8 bytes of a line in a JPEG block 



Figure 108. DRAM storage arrangement for a single line of JPEG blocks in 4 colors 

sequence, as shown in Figure 108, is 



w fouSiJL^ ^« a time in 4 colors from DRAM The read 



line 0, block 0 in wor^i p of dram 
lino 0, block 1 in word of DRAM 

line 0, block n in word p+4n of SRAM 

(repeat: to read line « number of times according to scale fact:or> 

line 1, block 0 in word p+l of DRAM 
line 1, block 1 in word p+5 of DRAM 



^v«?„rSa5r:^? '^^Z'^^U^^^T^ facu>r number ofd^es ftom DRAM before it 
becomes available for aTc^to ^teT "^"^^ ^ ^ '^^ 



23.7.4 



Decompressed contone buffer 
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23.7.5 Y«scalmg control unit 

DRAM i„ ,mgle 256.bit «c«»i toa is read Itoc 

■n.e protocol Md a^g f„ ^ »cce^ ,rD?SJ?H^!52i ' '>'''° 

that writes are to occur to. *"*°'°''"<**«'«>8»>«('«^-6h« for the cunent buffer 

equals ~i«j^ava///H'r 6tti97 When a wr «^ i • 

IS set. and wrj,ujris invcrtWL Wheneve^ rf£ JT^-/ w ^ " f ''"^ " *H«lava,//Wr W; 

of data from DRAM to the buff?^:^^-^^^ "^'^ *° ^ 

«/_«. and rOe/ gets incremea J 7o foin^l^^"^^Z^l""t^ ^^"'^ 

the data to the output double-bSffer of ^ ^^SLTk^S^ ^ ? to 

bill »<i'^-- isa«ertcd.*,^_«.«,/^^_4,ts2^,^^^ the buffer. nO./ equals 

on - ^:S;tL"^;Je^5^^CS^^ *e CPU moves 

direction is thus performed. intone data. Scalmg to the printhead resolution in the Y 

both currj,aljbhck and line sta^t ZllZTZTT^I"/''^ 'I When a I is written to Go. 

// assign r«ad address output to DRAM 
cdu_diu_w«drt21=7) = curr_halfblock 
cdu_diu_wadr(6 = 5J = U„etl,OJ 

" ^ -«^— a.te. ^ ^^^^^ 

" ^?LT/o "--in^ a Xi„e o. co„to„e ^ . 

.f ,Xine =, 3, than . „ _^,„„ , ^^^^^ ^^^^^^^ ^^^^ 
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line = 0 



curr_halfbloc3c = buf f^start_adr 

line^start^adr = buf f^start.adr 

elsif ((line_start adr + diino nPF<.«..« , 

curr^halfblocx = buff Jta'tlaS ' ^uf f^end.adr„ then 

I ine_s tar t_adr = buffos tart adr 
else ~ 

curr_h«l£block = Iine_st«rt_a<lr ♦ «lne offset 



1 ine_s tar t_adr 



else 
line 

curr^halfblock 

else 

// re-read current line from DRAM 
y^acale^count = y_scale.count ♦ y scale d«r,«m 
^^^^ curr_halfblocJc = line,start:,adr 

block 

currjialf block 
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Go— _Q 
cfu.o(iu_rraq « o 
wr.sel fO 



cfu^diu.rreq e o 
wr_seleO 

C "»0 



idle 



»0 
• 0 



req 



c 



> 



gJff PK (ft wttta 
cnj_dlu_rreq • 1 
wr_se<«0 
wr.adv buffsO 



ack 



3 



cft<_dhi_freQ *> o 
wr_sel«o 



c 



g" ^' ffvnfrtl— T 



wr_fielBO 
wr,actv_buff c q 



read2 



c 



51" nmffft — mrrn 

cni^dUi rr«a « o 



CdUi^rraq « o 
wr.sel « 3 



dhi gft, rynff^ ^_ I 



cfu^dhoteq a 
wr_fieJ= I 

wf,a<hrJbuff=o 



reads 



) 













wr_adv_buff«o 




r 



iead4 ^ 



Figure 109, State machine to read decompressed contone data from ORAM 
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23.7.6 Contone line store interface 

DRAM when tlie CDU has written 8 complete lines oSl^rL ^^u'^^'"^ fro" 
Imcs. « sends an «A._^_h^/^, ^ to S 2 ; ^"^^^ « 

CFU may continue reading from DRAM « Ir^JZ u^^',- **»-«'»^-«^'/ ts mcrcmented by 8 The 

from DRAM, the Y-scaling «^^nm,TS»n^2S2'"?^"'f ^ « of c^nto-^TSS 

CDU to free up Ac line in the buffcZ^l £^ ^ ««« ^terfece and to ti^ 

v/faepulsc. ^*^*'«"-*^'''*'»««™e«tedbylonrecei^^^ 

Color Space Converter (CSC) 

Pl^^ilbjpusoae block. «ho«Mb..,™ltodfcrli««hcoto 



23.7.7 
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Figure 1 10 shows a block diagram of the color 



space converter. 



cotor space 
BrAr 




-> cpl 



23,7.8 



*nveft_cokir_plane 



version is implemented as follows- ^ accuracy is mamtained with 18 bits. The con- 

• R*-=Y + (359/256XCr-128) 

• G' - Y . (1 83/256XCr.l28) - (88/25<;Xa>-128) 

• B*-Y + (454«56XCb-128) 

X«scaling control unit 

The CFU has a 2 X 32-btt double-buffer at its output between the « 

X-scal.^ control unit perfonm the scaling of St^^Z^J^T "I^^ 

^"^^iri.-«^r— 



1. -179 is saturated too 

2. 135.5. with rounding becomes 136. 

3. -227 is satxiratcd to 0 
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if (wradv i) then 

else 

pixel_count 
if < (pixel_count < leadin_clip_num) 

OR (pixea^count > ({max block ^ ^ 

wr_en - o » t^C-OiocJcblll) - leadout^clip^num) > ) then 

else 

wr_en t= i 

The output c/M Ac« ova// efluaie a„«- ^ . ^ is set. and vir_fa(^,s inverted. 

rn?^pre.trdrrr^-''---"^-s^^^ 

-Igorithn. for non-integer scaling is^SdTS „lS^ i«»plemented by pixel replication. Tie 
loaded with x^tart_count after^et JlJ "et^^f ^^-Sf ^^cale.counr should be 

fim p«e is scaled by. /u:ujinejength and f^ T^Z ^^Ll^" controls the amount by which the 
line that B sent to the HCU is scaled by. '^-'^-^"^ the amount by which the last pixel in a 

i£ <hcu_cfu_dota«Jv == l) then 

;e 

x_8cal 
rd_on 



else 



else 

"5!::':-r""' ' ^--^^co-t . ^scale.deno» 



X^scale^count » J^scale.count 
ra_en = o 



received, then a n/ e/i pulse is eemated m . 2^ f^JweJength and a Acm_c>S, dl,r«rfv pulse is 

reset to 0 andx^cie_s^sfoXi;rx:::2'«*^^^^ 
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24 Lossless Bi-level Decoder (LBD) 



24.1 OVERvrEW 



*c number of Unes to decon.p«ss. /^CKe ^^^^^^.Ts^^EC fsT b ^^"^^^ ''-/and 
compression, the LBD can cope with any romoress^n^ri^f a ! *° P""* ^ lO-l 

pass-through mode is provided for x "*"'.'^*f DRAM access is available. A 

50: 1. Lossless hi-l^c^ c^^^ ],^^';^^-^"''. compresses with a ratio of a^u^ 

which compress pooriy. ^ " P'**' « "^o"* with 10:1 possible for paj^ 

o'Jjrore's^Xt FlSS?J.Sr^^ ^ ^-P--«^ data is 

unit) for the next stiJio-JprSpl^l" »^ (Halftoner/CompoSo" 

is used by the PCU ^ is av^ST^ SL^o t "^'^ " control 4 that 



ORAM 



PCU 




Lao 


— 1 





Spot FIFO 
Unit 



HCU 



24.2 



Figure 111. High level bloek diagram of LBD In context 
Main FEATURES OF LBO 

Figure 1 12 shows a schenuttic outline of the LBD and SFU. 

s^et^.^s^rpSTrs^:'^*^ 

at 1<JOO dpi. ^ ^^"^ therefore be long enough to store a complete line 

Sj/c^'ifn^TaTgt^^^^^^^ ™^ capability is retained for 

PECl LDB outputs 16 bi^Z pa^Se? to L reot S buff ""'I' ""'^ ' '^^^^^J'^^'*- 

the LBD in SoPEC can nm Jch fa^X S^.'^Ss^fS '^'^ 
processing latency, to be absorbed. reqmred. This is useful for allowmg stalls. e.g. due to band 

giammed number of bits.^c^^^r T^^T '° ^''^'^ '^'^ « P«-P«>- 

length code. foUowed by pS^S^giJ ^'^^^ """-'^-^ « always executed « a SSl 

s^LTd^CSSri: D^^^ - SP- "FO Unit (SFU). This 

lines up to a pro^^nJS:"Z^{^^^^^'?^^ ''^ifL"" »'<»*<1 » ^RAM. nomiialTI 
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Kbytes of sto,^. ""^ l.TKbytes of slorage. An A3 li„. of IW8I! aoB 



L6D 



RFO 



SFU 




I 



DECODE 



T 



>I6 



FIFO nexCffne 



64 



DRAM mad 



All RFOs are 64 bytes 
(tvvice the DRAM data 
word width) 



F*ro prevjihe 



FIFO 



currjlne 



~^ ^ ORAMiwfte 

64 

■7^ DRAMfead 



HCU 



Figure 112. Schematic outline of the LBD and the SFU 
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Bi-fevef Decoding fn the LBD 



Table 




bJl^'^rSS'SdTt; ^^^^^^^ is acva^e^ 

number of bits, whicbever is shorten TT^^ufiTS^ either end of line or for a pre-prognunmed 
followed by pa« thn>ugh. tHe pass tbSS^^cSS^a^t^ ^ nn,.leniSx^. 

thanorequalto31. ^ 'engtbnm-length with a nm of less 



^^'^ ^P^^"" feogth (RL) encodings 




RRRRRRRRBRRRBBROO 
RRRRBRRRRRRRBRROO 



MedJum Whfte Ronlenott, vwjth RRRRrrrr . 
Entof pass through 



•31, 



tonp Black Runlenflth (is bHal 



the nght to most significant bit at the left). a« read in the same way fleast significant bit at 

s^i\TcZrnSS^r:t^S£s:^r'r"^ 

pass the data to the LBD as JcomprJ^d 1^ pIlTh^^.H T^^"" ^"11 be e^ier to 

mented in the PECl version of the LBDW,^ a/^^,^ * *at was not imple- 
thedatastreamis^^un^^I^LTcS*^ 
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24.2^ 



the coding scheme of Table 104 ft S Teii L^^^.^""""^- " ''^^^ "^"^ «o*«ver 
beea designed so that ifashortnmlenS^ii^^^^ or long ru„,e„geh. The LBD h2 

command containing this nmleugth isdJSJ^ co^SSlv .t^^.T ^^""^ ^'^ ""^e the horizontal 
mode and the bits foUomng the Len^^^s^^t^S^^^l^^" "-^^ «-ough 
ether a programmed number of bits orSe iT^S J^hSt?" ^^"''^ *° tl^ough is 

^.ode.completedthecutrenteoloristhesamt^^i^^^o^t^ 

DRAM Access Requirements 



Table 105. DRAM bandwidth requirements 



Direction 



Read 



Maximum number of 
cycle* between eacti 
2564]ft ORAM access 



256^ (1:1 compresston) 



Peak Bandwidth 
(bfts/cyde) 



T 



7 « ' ' ^ ^ ^-^ compression) j 0.1 ( to;i ^o 

1: At 1:1 compression the LBD .^quires 1 bit/cycle or 256 bits cvety 256 cycIcsT 



Average Bandwldtti 
(bfta/cyele) 



0.1 (10:1 oompresslon) 
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24.3.1 Definitions of lO 



Table 106. LBD Port Ust 



pclk 
prst^n 



In 



Global reset signaf. 



cdu_endofbandstore{2i^ TrJ 



cclu_8tartoft)andstore[21 :5) 



17 



In 



In 



2S6-bit word aligned DRAM address. 



<^;y'«,^start of the current ba«d of dati" 
2S6'bH word alfgned DRAM address. 



tt)d_diu_radfI21:5) 



dlo_lbd_rack 



17 



efiu_lbd_ivaiid 



Out 



In 



In 



In 



^J^edge from UlU that read request has been 



Data from DIU to SoPEC Onfts. 
First 64-bits Is Ws 63.-0 of 2S6 Wt word 

l^,^!!':^^^^ 127.-64of256 Wtword. 
^I^^u^ ^ ^'^'^28 of 256 b(t word 
Fourth 64-bHab bits 255:192 of 256 bit wowt 
^O^^^ino SOPEC Onn,ta.«M read d«ta^ 



Pco^dataomf31K)f 



jx<-Pcu^dataInf3l .-Q] 
pcu_rwn 



Pcujbd^sel 
tt>d_pcu_fdy 



32 



32 



In 



Out 



PCU auaress Bus, Only 4 bHs are required to decode the 
address space for this block. woecoaeine 



Shared write data bus from the PCU, 



In 



In 



Out 



Read data bus from the LBD to the PCU. 



Common read/not-wrfte signal from the PCU. 



^J^^T^ ^^'^ PC«-/W.se/is high both" 



tfi^l^^^^H,''* ^^^^y^s high it indi. 
cates the la^cyde of the access. For a wnte cycle this 
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"febfe 106. LBO Port Ust 




_pate from the prevtous tino buffer. 



Write data for next Rne buffer. 



> data valid signer for next Pne buffeTd^ 




24,3.2 Configuration Registers 

Table t07. LBD Configuration Registers 



Control leglstefs 



0x04 



Reset 



Go 



0x1 



0x0 



A write to this register causes a reset of 
the LBD. 

TOs register can be read to indicate the 
reset state: 

0 • reset in progress 

1 - reset not in progress 



VVntng 1 to this register starts the LBD 
Wrfting 0 to this register halts the 1^0 

TJje Go registerls reset to 0 by the LBD 
when it finishes processing a band. 
When Go is deasserted the state- 
machines go to their IdJe states but all 
counters and configuration registers keep 
Ineir values. 

When Go is asserted a» counters are 
reset, but configuration registers keep their 
values 0.e. they don't get reset) 

LBD should only be started after the 
SHJ Is started, 

S?f^' ^ *^ to deterinihe 
thelBOisninnlhg 
(1 ■ running, 0 - stopped). 



OxOC 



0x10 



UneLength 
PassThroughEnabfe 

PassThroughOotLenglh 



16 



0x0000 



Width of expanded bHevel Bne (in dots) 
(must be a multipte of 16 bits). 

Writing 1 to this register enables pass- 
ihrough mode. 

Writing 0 to this register disables pass- 
through mode thereby making the LBD 
compatibie with PEC 1. 

Number of dots fcir which pass-through 
mode win last if the end of the One is 
reached first then passthiough wUi be disa- 
Ixed. 



0x18 



NextSandCurrReadAdrtai :5J 
(256-bit aligned ORAM address) 



NextBandlinesRemaintng 15 



0x0000 



Shadow register which Is copied to 
Currftea<iAdrY/hen (NextBanaEnatae ^ 1 
& Go ~ 0). 

NextBandCunfieadAdr ts the address of 
me start of the next band of compressed 
bi-leveldatalnORAI^. 



Shadow register which is copied to Unes^ 
Remam/ngwhen (NextBandEnabfe / & 
Go«=0). 

NexmandUnesFtemaining 't& the number of 
lines to be decoded in the next band of 
compressed bi^evel data. 
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Table 107, LBD Configuration Registers 



0x1 C 



NexteandPrevUneSouice 



0x0 



Shadow register wtuch is copied to Prnv- 
UneSourcewhen (NextBandEnabfB ^ i 

1 - use the previous line read from the SFU 
for decoding the first line at the start of the 
next band. 

0 - ignore the previous Une read from the 
SRi lbr decoding the first fine at the start 
of the next band (an all 0*s fine is used 
instead). 



If (AtertSam^EnaAfe 1 4 Go 0) th«r 
'NaxtBandCurrReadAdrls copied to 
CurrRaadAdr, 

'NextBandUnesRemaining is copied 
to UnesRemalnIng, 
'NextSandProvUneSource copied 
to PfBvLIneSoarce, 
'Go is set, 

-NextBandEnabfe is cleared. 
To start LBO pn>cessing NextBandEnabto 
should t)e set 



0x24 



(256-bft aligned ORAM address) 



UnesRenia^ing 



CuirWriteAdr 
f=irstUneOSand 



15 



The current 2564>it aligned read address 
within the compressed bWevel Image 
PRAM address). Read only register. 



Count of number of lines remaining to be 
decoded. The band has finished when this 
number reaches 0. Read only re gister. 
1 - uses the previous line read from the 
SRJ for decoding the first fine at the start 
of the next band. 

0 - ignores the previous fine read from the 
SRJ for decoding the first fine at the start 
of the next band (an all O's line is used 
instead). 

Read only register. 



The current dot position tor writing to the 
SFU. Read only register. 

Indicates whether the current line is con- 
sidered to be the first line of the band. 
Read only register. 



24.3.3 



Starting the LBD between bands 

and then stops, clearing it's Go bit and issuinc a oulWonT/^ -uJu^T^ <iecod,is a single band 
There are 4 mechanisms for restarting the LBD between bands: 
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theLBD ^""^^'"^^^ shadow reguteis, sets NextBandEnable to nstm 

cuirent band At the end of L S L^nn . ^^^"'"^^"^l" A^g before the end of the 
LBD restarts immediately. ""^ "'"^ ^' is already 

set SO the 

^^.^^shadowr:s:::^^r^^f^^^ 

shadow register and «teftel5^JS^f^ and AA«,Ba„rf/^L/««&««e 

end of the Ld .i^BTc^stXJSIw r^^^^ 

so the LBD restarts innneSly sSuS^^^^ Ar«r5a«rff i, 

commands ftom DRAM The I Rn u ^' '*V^'**«<»««<'tnggers the PCU to fetch 

mands ^rnZ^^^'-^^^Z^'lBD'^' '^"^ 
BandEnable for the next band. PWgram the LBD s shadow registers and sets Next- 
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24.3.4 Top-level Description 

A block diagram of the LED is shovm in Figure 113. 



ORAM Interface Unit 



17 

1 § 



v64 \17 



lossim bHoveJ 



Stream 
Oeoodar 



^pass_through,doLtenfl(h 



IS 



pass,thfDooh_enabte 



Pfev_line_ source 



fteglsterand 
Resets 



fines.remainfng 



Bne_tength 



Command 
Controller 



15. 



1 



IS 



aO , 



Jbd_linishedband 



I 
I 
I 
I 
I 
I 
I 

f 

I 
f 
I 
t 
I 



Next Edge 
Unit 



UneFOI 
Unit 



End of Band 
Unit 



^\ tt)d_sfii^p<advwof|^ 



sftObd^pldata 
— -r 



data 



PrBvfous 
Line Bijf^ 



SpotRFO 
Unft 



datavaBd 



lbd^tftL%wya^ 



'wdatavadt 



Next 
Line Buffer 



Figure 113. Block diagram of lossless bMevel decoder 

The LBD contains the following sub-blocks: 
Tatileioa. Functtonal sub-blocks In the LBD 



Registers and 
Resets 



Stream Decoder 



Command Controrier 



Next Edge Unit 



Une nil Unit 



Aeceas«fto bMevel descripiion from the DRAM ttiiouoh tfie OIU inter, 
fece. It decodes the bit stream Into a command with arguments wWch i, 
then passes to the command controller y>«wras, wnch it 



Interprets the command from the stream decoder and drmM. ih. m" 
unltj^ a Bmit address and color to fill the1^*^,KSfX'^"" 
provides the next edge unit siartinfl address to loolc frjZ ^Jjl^"^ 



?f"f J*'""*"' PrevtoosUne Buffer using Hs current address to find ' 
ttie next edge of a color provided by the command confrolter. T^e 
edge unit outputs this as the neM current address back to frte com!^ 
controller and sets a valid bit when this address te a?»!e nTx^^^e 
rate the SfOJ Next Una Suffer with a color from its current address up to a 
fim.t address. The color and Bmlt are provided by the co«,m,nH "^-f 
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NimlDg of signals uii logicd blocks an lakcn fi«„ (nj. 

SSi'^'S S^"" u.^.. » supply . p»v,»s li„ ^iv. . 

S4.3.S Registers and iteMts sul>.«lack description 

^Bo......s..r2L^-rLi;^i/s^t^-^^^ 

line regardless of what the out of the SFU is! ««s « ,f ,t ui receiving all zeros for die previous 

pressed data stream. ^'^'^ *^ DIU and cotnmeiice decodiiig of the com- 

24.3.6 Stream Decoder Sub-block Description 

2^^to't^,^62S«^'^rb'aiS 

the empty space created by the bmel shift word ftom the FIFO to fill up 

intoacon,.»a„.,3rgu.ea.^^;:Sr:hrt^^ 



S3 Proprietary Document 



29 fJov 2002 
Page 311 



SoPEC : Hardware Design 



A dataflow block diagram of the stream decoder is shown in Figure 1 14. 



Straam OAcoder 



DRAM fnteffacaUnlt 
T 



17 



state 
machine 



64 



64 



I CwrReadAdr | 

¥ 

^24 



FIFO 
>=9 t.ocatk)ns 




'24 



64 



shift 



64-baeaTOlShmRafllrtar 



SdAcc SdV&Pd 




EndOfBandStora 



StartOfBandStore 



c 



15 



'3 



Command Controller 



FIgur* 114. Stream decoder block diagram 
24.3.6. 1 OecoaeC - Decode Command 

The DecodeC logic encodes the command from bits 6 n nf rt.. ks. 

mands: SK/P. VERTICAL and RUN^^SnS^ -I °f ~ni. 

consumed, which feeds hack toSSSll^^'^ " '° '^"^ """^ ^ts we« 

as a medium nmlength this tcU theltt^ S<i2SS^ r^'^*' * """"'^ »ess thaa 3 1 . encoded 
length is decoded cLpIetely the LBD^<^^; ^oTfr^ hor^^ command containing this nm- 
be a number of bits thai represent un-«,S^2 f^^e J^? ^ ^" 
all these bits have been d^dS^sT^fidlTtStSo^ «<^-"«OC/Gi/mode until 

or the line ends, which ev^^mriSS^ '^' '^'^*''^*'^*'"^ 

24.3. 6. 2 DecodeD - Decode Delta 

15 bit number, which is generally consTdSred^oTfosW^l W " ^^P"*- "^^ ''^^'^ « 
dots for an A4 page a nd 19488 do^s for /^^^^e (oTS 76« Z^VolZ T """^ ""^^ '"^^ 
II ^^^^> ^ ^ g compiement representation of -3,-2,- 
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and the cunent command. ""'^ *e current color 

24.3.6.3 State-machine 

mand contioUer Note fS^4 "^f^'^^y «^ 

memory add«ssing). Otherwise ^/Tre^^lf ^^^I ''^'f^^ «^ 
end_ofJ^jtore need to be program^ k-w I ''^ '^'^M^-fton, and 

DRAM word size. programed so that the distance between them Is a multiple of the 256-bit 

r^r^*:,^^?;^ two SKn> instructions to 

'^^co^ni^:^^R^^O^^ !-«*^ - P-^'' - com- 

passed, and the state^achine sel^AeS^ In the f5xst instruction fetch, the first run length is 

fetch ftom the cnnn^^^tr^^^^^'^^Sm^:^" "^J" 

24.3.7 Command Controller Sub-block Description 

ing address to look for the next ed« Ld is reSI;^. f^n Jl^^ '^S* " 

eob_cc signal that is passed ^eltaeSf^r^'^"* 

line and the fir« changir^ el«iem on^Z-t fl .^"^"f ''^^ coding 
respectively. °" »° *e hght of «0 and of the opposite colortoS 
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Figure 115. Command controfler block diagram 



24,3.7.1 State machine 



The following is an explanation of all the states that the state machine utUizes 
« START 

^^d^'SSlS.^fe^SlS ^^Z""^ a hani or soft reset occius or when has been 
(Ne« Edge Unh). ST^^^'lL^^SL?:.^!^^ <^ ha^ been asserted and the NEU 

a AWAITJUFFER 

'^^^r^ '^d'S^^^r'T ^™ <---d controller 

state When the state maS^STtht^aC^SriSS R^Z^TT^'^t- ^''^ '° '"'"^ 
niand controller can proceed to the PAJt^s^ NEUJtUNNlNG state. Once this occurs the com- 

iii PAUSEJCC 

due to band P^cessinS^-lreX? ofSeS^TS^^^^ "^^^ ^ 

decoder gets more of ^e compressed Z^l^^J^^ *° P*^" 

fhunes. All of the remimne^JchSS.S^^^n^.^l*^'/™*^"^^^^^ 

decoder) or if ^^../^^^ gL to «r: td tSlllS^r^^ ^'^TT 

command controller enters to achW#* thu ^^a ,v ^ '-oi^ nccus lo pause. i'AUSE^CC is the state that the 

both asserted J ScTbD 1 rS^r^r^lt^^Ting"" '^'^ ^'^'^ ^ 
/V PARSE 
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When in this state the conunand controller can receive one of four valid conunands- 
a) Runlengtfa or Horizontal 

bj Vertical 

c^getrs^.'^ss^Sl'^frrnr^^^^^ 

the cunent position in the previo "fee for ihe w^^' 1^' "'"^ " ""^'^ 

black. ,t is in^nant to note that if a black to wM^dSe^^^tS t i^ SS." »° 

element on the preSoTlS for?'S^lf2mTneS^' " '"^ '"""^ " "'^^ »° 
corrcspondtothetwobi.sex;rafron.:SS^S:rtSSn*r^^^^ 

SrSlfeiS S^S^^^^Tsille^^^^^r ^^^^^ - - con^^ 

cj Skip * 

c'^h^^^'l'Tiste^Tle^:!^^ -^or in the cuoent hne is not 

that the commandcomroUerSaS^^?^*;^^^,'^* ""^ «.nunands 
the current color in this case. «^ « «wo Verucal(0) commands and has been coded not to change 

d) Pass Through 

LBDcan recommence noLalSmp^^aS^'^Stj^^ T"**" in the stream decoder, the 
color as the last bit in u^^rnpr.sj^^^f^^^'^:^^^^^'^' ^<>-eb mode is the same 
command controller as each pass throueh co«m«^H ^ • !^ ^ 

ccssed in one clock cycle. ^ command received frx,m the stream decoder can always be pn>- 

V WAIT_FOIUtUNLENGTH 

clock cycle the command coSS^L lo ^1^^^'''^^ ^ RUNLENGTH. After the first 
LENGTH 6.x. has been coZC^^^^^^^^:^"^^^ -til all the RUN- 
controller will r^tam to die PAkSsS^ ^ command 

W WAITJfORJfE 

remains here «nta the edge bdeteS^ ^^iS^H > ."^"^^ ^"'""^ WATTJ'ORjm state and 
renmito thefi<iw"«^ " " *»^« «>««nand controller will 
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viV FINISH_IINE 




Fl9u« 116. State diagram for the Command Controller (CC) state machine 
24.3.8 Next Edge Unit Sub-block Description 
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Table 98. CDU registers 



0x14 



0x20 



0x24 



MaxBJock 



13 



^5 0x0000 



Number of JPEG MCUs (oiureo blo^^ 
i.e. 6x8 bytes) in a line - 1 . ' 



SuffEndAdr 



15 



Pbints to the start of the decompressed contone cir- 
OiJar buffer tn ORAM, aligned to a half JPEG btock 
boundary. 

A half JPEG block consists of 4 words of 256^fts 
a JpS ScS? ^^^^ ^"^^ 



. ^ stert of the last half JPEG block at the 
^ n «>"tone circular buffer In 

A^.^.oi?^'!? ^ * JPEG block boundary, 
A half JPEG Mock consists of 4 words of 256-blts 

rjPEGSo'cJ*'^'^*^^'^^^^^ 



BypassJpg 



0x0 



Defines size of butter in DRAM )n terms of me 

* "?!L *^"V>'^>^ contone Ones. The s«e of 



NextBandCurr- 
SourceAdr 



17 



^^I!^ Ill'^^' °' -^^^^ "^^^^^^ will be ■ 

ouSS'"^" '^'''^ copied directly from 
0 - don't bypass. 1 - bypass 
Should not be changed between bands. 



NextBandEnd- 
SourceAdr 



19 



0x0,0000 



TOs x^ue Is copied to a//rSoart»><tfrwhen both 
AtorfSa/ic/enaAf^ls 1. or wher» 
Go transitions from 0 to 1. 



0x38 



NextBandVafid- 
BytesLa8tf=etch 



NextBandEnaWe 



The 64^ aligned word address containing the last " 
g^fthenextband of compressed contone data in 

This ^ue copied to EMSourceAdr when when 
both DoneBanais 1 and NextBandBnatfto is 1 or 
when Go tiansiflons from 0 to 1. 



0x0 



Mask containing a 1 in each bit position that repre-" 
sente a valid byte in the last 64.bit fetch of the next 
oand of compressed contone data from DRAM 
H^l n "^^'^ ^fdBytesLastFetch when 
both DoneBand is 1 and NextBandEnabta is 1 or 
when Go transittons from 0 to 1 . 



_Read-only registers 



^^^extBanc/Enab/els^an<iDoneBand\B\ then 
y^encduj^isttedband-^ set at the end of a band 
'NextBandCurrSouroaAdrlB copied to Cu/r- 
SourceAdr, 

-Nexmand£ndSourceAdr \^ copied to Entf^ou/ceAdr 

'DoneBarK/is cleared, 

'NextBandEnab/e is cleared 

NextBar^Bnabie is cleared when Go Is asserted. 
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Table 98. CDU register 




0x40 



0x44 



0X46 



DoneBand 



CurrSouiceAdr 



EndSouiceAdr 



VaiidBytesLast- 
F«tch 



17 



0x0 



OxO_0000 



IS OxO_0000 



0x00 



Specifies whether of not the ^wmt^tZS 
J^ed toadino Into the local FIFO. It IsdwS^to 0 
when Go transitions ftom 0 to 1 

^ ^^'.'^r "^"^ FIFO, the 

cdu_fmlshodband sign^ is gh^n out and me 
OoneBana flag is set • «na me 

areu^ated with the values tor the^XSS^ 

already loaded, while the read control uSt v^tr 
^«««ga«<e.a6tetobesetb ^w« « reslartT^ 

~n 



■"""'^ w«t.ln the" 

current band of compressed cxwtone data In ORAM 



^Tje64-bft aligned word address wntainlno *e las? 



Mask containing a 1 in each Wt posMon that .epre- 

fetch Of the 

a^e/ »^ «re valreJ. then the lower 3 bHs of VtUkt- 
S^^i^r. the upper 5 Wts 



0x54 



0x58 



OxSC 



JpgOecTType 



JpgOecTesten 



JpgOecPiype 



0x00 



0x0 



0x0 



"^^^ ^ be output on ■ 

me D«x/pp(7pgOac^tf^ port with ttie usersete^'^ 

4SOF+SOS+DNL 
3 COM-f-APP 
2 0Ri 
1 OQT 
ODHT 

I^OI and EOl markers are aiso passed to tt.e 



0x0 



Test type selector 
? ' E^X^efnclents displayed on JpgDecTdata 
1 ^ QDCT coefficient disolavad nn 'l^r.L^^l^,^ 



Signal wntcn causes the memories to t>e bypassed 
for test purposes. « « x^ypassed 



Signal spedtying paiameters to be placed on port" 
JpgPecPVaiue (See Table 99). ^oonpon 



0x00 



Sel«^ neaaer segments from the JPEG stream " 
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Table 98. COU registers 




0x66 



0x6C 



«fP0OecStatus 



22 



0X00^0000 



put byte of the first 8x8 bk>cfc off the test data 

Iu,"hlf "^Tl "^'^^^'^ out. 
put byte of each 8x8 block of test data 

1 1 ^1 1-bit output test data port - displays OCT 

coeffiaents or quantized coeffiaents dependino on 



Decoding parameter bus which enables various 
parameters used by the core to be read. The data 
available on the PValue port is for information only 
and does not contain control signals tbr the decoder 



^ ^] ^^P^^^-^Hn set, indicates that the JPEG 

^i^^ ^u*^ '^^ ^"^"t JPEG 

haifclock double-buffers of the COU are Sll) 

Se^Efi''^'^'^ ^ from 

"^"^ a pixel 

Is being output ^ 

Bite19-16 - nto^contents (FIFO at inpm of JPEG 
decoder core) 

CS6150 (see Table 100 for description of bitat 



22.5.3 Typical operation 

The CDU should only be started after the CFU has been started 

/Lines. Users then set the CDLTscVh^it.r^ ^J'^'^'^^ BuffEndBlockAdr and NumBuf- 
for the band has fiShS Stog rS £ toJSrr^''?. compressed contone d2L 

indicating that the memo,7roc^ wittjf&Jb^^^^^ T"^o ""^ «° the PCU and CPU 
band of contone data. ^ ^ now fiee. Processing can now start on the ni»tt 

for restarting the CDU between bands: NextBandEnable. There are 4 mechanisms 

d.This IS a combination of 6 and c above ni#» Pr-i t ^T-^fK^ *u .i. , 
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registers and sets the NextBandEnable bit before tJw. «wi „rm ^ . 

current band tlie CDU sets Z)o«^SW«,T 7 •'^nd. At the end of the 

already l.the ^'^-"^ 'Enable is 

cduJmishedband^r^^CVtnl^T '°V""'*'^*'>'- Simultaneously. 

*^la?fte rcu .^fe c^^^^^^ from DRAM. The CDU .^U have 

ing again. An intenupt is sent to the CPU by^^J ^Tf^^ ^ ^^""'^ 

re.t by .eans of a write to its Reses ^^ll^t^^Z'^Z' ^""'^ ^ 

22.5.4 Read control unit 

3^«rrF^j>'s'r^iSdrntr^^ 

receiving the data from the DIuXTclSk cSet^^Sl^T, " ^^'^^''^ ^^<=«««. 

accesses to DRAM is described in s,^on5o 9^ on iS^^M"^ ^^^^^^ '^"^i^g for read 

by means of the state machine d^^VriiL w^ ^ ^ implemented 

AU counters and flags shouJd be cleared after reset wi,*«/5„^ ^ 

should take their initial value WhileTe^ hJlt JJ^K from 0 to 1 all counters and flags 

it whether to attempt to of c^^rS^^ °° *e W bit to tell 

does nothing. WheS I^^a J^c^^^^T" "^.^ "^^-^ j'oneBand is set. the state machine 
up to 256-bits at a time S^^T^. * Tt^"* contmues to load data into the JPEG input HFO 
knowledge about nT^^m^^o1^^7^''l' ^ ^ ^^hine no 

by consecutive reads from DlJ^ m S^Trl^^^^^ ' " "^^'l'^ "^EG input HFO full 
«lcastatthepeakDRAM«adbanJ::t<rf:SiX^^^^^^^ 

tr^d wSer-ri:r/5 n;:;^^^Arr 'rr^^ - ^ ^^^^^ 

diu_cdu_rvcdid being asiited ^^/LZ!^ l! ^'"^ »<"<=ated by 

end_of_bandstor^: curr.j,ource,adr is compared to both end^ource^adr and 

' "FS^TrJ^^SutS'rr^d^r/t^e^^^ r^'''^-^-'' «^ sent to the 

is set. The'remSS; filti? S S^^^ 

theHFO. ^ ™™™^'^^*Snoi«d,i.c. they are not written into 

' ^J-^t-St^upiSfto^^lT^ "^^^ '""^ then 

whether cw,;Lro«ree XdsreaLS^^^^ or c«rr_,o««:e_«dr + I. depending on 

FIFO is 0. ^ end_of_bandstore. The end_ofjHmd control signal sent to the 

«rr j<w«»_afr- is output to the DIU as c</tt_rfn,^ad>: 

incremented. ^' ^ ^ ^JVo.contentsp:0] aiidfifojm-_adrp:0] are both 

^^OrSSl^oK^^'Tife "^'^ - available in 

data from the RFC. ^^^p^^>Sll^T^:^Z^l^*''-t " ""'^ 
ister to 1. In this case data is sent LX fi^^mSl^S tft^e hM?t^^^^ by setting the /.,par*/;,greg- 
decoder is liot stalled Upg core stall eoual double-buffer. While the JPEG 

a byte of data is consJSf^Ty Of^jJlSeSid"^^^^^ and,>g_/n^r.6 are both I. 

nextbyte.^cr^addressis^byte.i.ed.i.:.^e^^^:Jt'in:^^^ 



Se'Slo^ aT-"""**"'"-^^^" S3 Proprietary Document 



29 NOV 2002 
Page 276 



SoPEC : Hardware Design 



J3 



oy asscmngfi/o^rd, mdfifo^con(entsf3:0J is decremented. 



cdu.dju_rreq b o 
ignore^data « 0 

I reset ) 



Oft caQ 

cdu_dlu_rreq m 0 
• 'j!ai»0 



< 



odu_diu^eq , 
fgnofe.data « 0 



C 



idle 



> 



DonaBflnri ^« 



cdu_dlu_rr6q«o 
ignofB.data « 0 



req 



cdu_diu_fTeq a 1 
tgnore.data u o 



ack 



1 



£Kj eri«i r^ph — J 



odujdiu_rreq « 0 
iffnm.dataaO 



odu_ffiu_rreq « o 
Ignore.data ^ i 



Figure 101. State machine to raad compressed contone data 



22.5.5 Compressed confone FIFO 
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. FIFO (as an additional effect of this Ae cdS^^ . compressed contone data has been read from the 
tone data must be more than 4 x S^W^ 32 b^es! Je'S ^ 

22.5.6 CS61 50 JPEG decoder 

the CS6150 JPEG decoder ^Z^VlB^'^^.'^^i''^, MH. (Amphio^ve stated Z 
which a gated vcsion of the system clock pcL. G^/thl ^^^^^^^^ "^'^ ^ «='<'«l«d by/ctt 
JPEG decoder on a single color pixel-by^Led basS^^n^l 'f?. T'^^'f ^ mechanism for stalling &e 
/-uOu^^^ input to the JPEG d2X H<S^^?SS o„i?^^ "^^^ « P^vidSi by 

block boundary and is insuflScient for S if if 171 - ^ * ^^^0 

instead tied high. oor jj^. i nus gatwg of the clock is employed and PixOutEniA is 

quantization tables, restart interval deSn^H "I ^^f*^ contains data for the Huffman tables 
the JPEGbytestreak antomSySS^g w^^*' T.J'^"^ '^'^ "^"^'^ ^ -^^^ 
fying the JPEG segments the ^^^^^^tu i^lolfi ^^"^ "^'^ i^^' 
as appropriate. Any enors detected in SeTjTeS^^^^ SoS^r"^.™"' " P^«««<1 

«^edand.ifanerrorisfound.thedecodr.T« 

iJfSSr roS:^. SJet^sfS t T^T^'^r'r^r ^-Bcs longer than 

. Lines (DNL) marker at the cLTorSy" S^^'s^Slf ^^k!^' t 

length as this is a modifi^tion to the wre '° »'™'8"=* "^^^ 64k lines 

iSd SmS^'Tbe'ln'r^etSi*? f^^^^i.-^- ^his register is set. then the data 
pUe.i„.heco„ectcolor:rr^^rdL:™S-t-^^^^^^^ Sx8 blocks of 

The following subsections describe the means by which the CS6150 internals can be made visible. 
22.5. 6. 1 JPEG decoder parameter bus 

The decoding parameter bus jfeg£>ec/>P£i/ue is a I A-KSf ' 

from the input data stream and'Lefdy "ed by ^e^^T^^i ^ous parameters extracted 

mmcs which internal parameters are disnlaved on iZ . t ""P"* i^PSDecPType) d^Xer- 

the />K«/«. port does L contain ^^^iSriSs^^^ f^^^ 



Table 99, Parameter bus deftnftions 




0x1 



FX(15:03 



FY: number of lines in frame 



FX: number of columns in frame 
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T able 99. Paramete r bus definitions 



mm 



0x3 



0x4 



0X5 



0x6 



0x7 



0x8 



0x9 



OxA 



OxB 



00_XMCU{13:0] 



Cs0[7:0LTq0(1 :OLV0[2:01 
-HOP.OJ 



Cs1[7:0LTqt(l:0LVll2:0] 
_H1(2:0J 



Cs^:0LTq2[1 :0J_V212:0] 
.H2I2:pJ 



Cs3I7:0LTq3I1:pLV3p:0l 
^H3(2:0] 



CsHt15:0] 



CsVT15:0] 



OR/f15:0) 



000.HMAX[2:0LVMAX[2: 
OL MCUBtK[3:0LNSr2:0J 



XMCU: number of MCUs InXiTir^nofZean^^^ 



CsO: Identifier for the first scan component 
TqO: quantrzation table identifier for the fi«t scan compo- 

vSlil^T^lT'"''"'^ ^""^"^ component. 

sampling factor for the first scan compo- 
nent. Values = 1-4 



Csl, Tql. VI and HI for the second scan component 
VI. Hi undefined if NS<2 



CS2. iq;^. V2 and H2 for the second scan component. 
V2. H2 undefined If NS<3 



Cs3. Tq3. V3 and H3 for the second scan component " 
V3, H3 undefined tf NS<4 



CsH: no. of rows in current scan 



CsV: no. of columns In current scan 
ORI; restart Interval 



HMAX: maximal horizontal sampling factor in fmme 
M^^f^;^!?^'^'*''''^" sampling factor in frame 
S i^^ir Of the current scan. 

NS: numberof scan components in current scan. 1^ 



22.5.6.2 JPEG decoder status register 

The status register flags indicate the current state of the r«:AT <n «^ ««. 

ing the decoding process, the decomp^on^'c^st Seg ^ " " 

sent to the CPU by asserting cdu icu mJl^r^—frJ' ^^^ suspended and an intemjpt is 

the JpgDecStoius register. He S^ISO ^ts '^"^^ *t 

prst^n or by a softS of the CDU. Thercivir^ S S^V^r^'^*'' "^"^ *^ ^ 
high to indicate an error condition as delb^d;^Su!l)2^^^^^^ 

srth^rxdi:^--^^^^^^^ 

more errors. (SOI) without triggering any 



i^^^ ?„°,;;!^!^ ^^g' ^*^*^ definitions 



15-12 



11-8 



TWDeff7:4j 




TblDe(I3:0] 



OecHfEmor 



Indicates the wmber of HuffroAteb^^ 



Indicates the numt>er of quantization tables defined. IbitAat^e 



Set when an undefined Huffman table symbol is referenced during deco^ 
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Table 100. jpgo decoder status register definWons 



CKError 



HlEmor 



QtError 



DecErrof 



IDctlnProg 



DeclnProg 



JpginProg 



Set wtien an invalid OHT segment is detected. 



Set when an Invalid DQT segment is detected 



w^'en anything other than a JPEG mariner is liput 

Set when any of DecFlagst6:4J are set 

Set when any data other than the SOI marker is detected 

Set When any SOFmarter is detected other than SOFO Set ff IncomnlAtl ^3 
man or quantization definftion (s detected. incoinplete Huff. 



scan « oonipiete. K Indicates that the cor e is i^^SCSl ^ 

CaI III I .1 



22-5.7 Half-bfock buffer interfece 



to stall the JPEG decoder core at i^^^lSf^EG b^^^t, "*»"^^^^ ^ '^W" 

pixel). We provide a mechanism for JS^l EG T"^' ' ^^^^ 

JPS.cor^^iaB is 1. The half-W^ck buSterf^^^? ''^ 8^8 t^e clock to the cote when 

half JPEG blocks to dec^pirjPEG d^nfT^^H fV"^*^ * ^ °^ buffered 

DRAM(write control unit) dL 00^41^^^ writing those JPEG blocks to 

only a single color pla.«. Data exits Se^e oS^^ 

The half-block buffer interfece therefore consists of 2 sinrie JPEG half hi^ir k «• . 
combinatorial logic, as shown in Figure 1 02. balf-block buffers and some simple 



pK_out_walW — 
jpgL.core_slaN 4- 



lclk_«nable 



pixaljdata. 




_rd_«dvjialf_j)tock 



hal>_block_oi^to_fead 



Figure 102. Block diagram of half-block buffer interface 
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2Z5.7.i Half-block buffer select unit 

'^^!'Xo£^ SiteXi'^?:! t^a^S^ ^ »<i write 

S^Jvt^JijItSfleTTaS °' each haif-block buffer: tuff_a^ap>J and 
single bit i^buff) for t^e <2™r^;S 

A«//_WoctA.J_^V eqt^S ITaX^l^ output value 

y-W/>v._^^.Wbe„;^X:^^^^^ .>^co«_.r«// equals 

the production of pixels. TTie clock gating is l^o^Td in ^e 5f bS^^ " g^ed ofifso as to stop 
output from the CDU. When /ctt ^« JJfe is ° 

{/c/*_e««We is the inverse ofypg^c^^Z/O. ^ " yc*_e«,6te is 0. yc/* is 0 

^l^ulr^Or'^'rJ^^fZ^o^^^^ '--^H^is ir^erted. 

mented whenever pixSut valid iTl "^^irrJ^^'T^" """^ ^P^^ decoder core. It is incxe- 
pixel_cauni[4:0J is sf, bilff avail fwr ^^T^LTnT "^1"^ "^^"^ maximum value. When 
/.«...cv./^A>roed;ith^e^^^ o-tput v^.e. equals 

ANDed with rd^adu, or JPE-COrc^stall. The output rd^en equals halfj,lock_ok^to_read 



22.5.7.2 Contone plane buffer 

EacWone plane buffer consists of two half JPEG block buffers as shown 



in block diagram form in ¥ig- 



wr_btiff. 



pb(eL4ata , 



JPEG 
half^block buffer 0 



id_en 



pixel data 



JPEG 
^•Mockbufferl 




contone plane buffer 



odu.dlu^data[63:0] 



Figure 103. Contone plane foufTer interface 
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22.5.8 



Write control unit 

DRAM 



4rine 



ORAM wordp 
ORAM word 



r 



ORAMvwDitf 
« 

ORAM %vordq 
« 

ORAM word 0+4 



4lne 

StOfB 



ORAM word q^4n 



JPEGbTodcO 
Ilne$Oto3 



JPEG brock 1 
Unes 0 to 3 



JPEGbfockn 
Ones O to 3 



JPEGWockO 
tines 4 to 7 



ctLo 1 a 


iLO 1 C 


63 0 


CiLl 1 Ci 


LT J C 


LI I c|li 


ciL2 1 C 


— 1 

L2 1 C 


L2 1 C«L2 


C3L3 1 CJ 


!l3 ! CI 


U 1 C0L3 



wordp 
wofdp+1 
wDrdp+2 
%vord p+3 



255 



-191 



127 



JPEQWockl 
lines 4 to 7 



JPEG block n 
6ns94to7 




jJl^te In one ORAM row, fcJvSSte 
COU access to ORAM 
CX-CokirX 

LY . Uhe V or 8 bytes of a Hne In a JPEG bfcxk 
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a p-^-f ©its 63-0, line 3 in word p+3 bits 63-0 

a q ^ iDitfl 63-0, line 7 in word qO bits 63-0, 

blocic 0, color 1, line 0 in word p bits 127 ^* . . 

line 2 in word p+2 bits 127 64 i , . ''''''^ ^''^^ 

P w oits 127-64, line 3 in word p+3 bits 127-64, 

block 0, color 1, line 4 in word <j bits 127^64 ^ , ^ 

c ♦ ^ Wits line 5 in word a+l bits 15-7 /za 

line 6 m word a+2 bitn i -j-? c/i i- ^ , x oica 127-64, 

q bits 127-64, line 7 in word q+3 bits 127-64, 

repeat for block 0 color 2, block 0 color 3 

etc 

block N, color 3, line 4 in word q+4n bits 255-192 lin« s 

line 6 in word q.4n+2 bits 255-192 Tin« 7 ^l'"*' "^'^^ 

oxcs 192, line 7 in word q+4n+3 bit 255-192 
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only 64 biK o«t of th. aslblr » DR^J^JTH^T''*^ "»'°'" ^ ™ 

block to DRAM. Once the half-block bSl^n tS^ ■ ^'^^^ *° ^'"P* *«> a half JPEG 
request, a write access to DRAM bi^^ c2^« ' "^f" '^'^ ^ 

.ng to the first 64-bit value to be witten. ^So^J T'^T^ ^''^ '^'""spoad- 

access of 4x64 bits is issued by the CDU n^DwHf^ ! ^^it value ineach 

fourth 64-bit values). The stateLchSe toenwaSyo ^IT ^ 'f^^'' and 
mg a read of 4 64-bit values fiom thXSoTbuffer i^S^ acknowledge from the DIU before imtiat- 
put cdu_diu_wyalid is asserted in the cycle after S^l^-^ ^ ^^'^^^^ out- 

the cdu^diu_dau. bus and should I^S.Sttlt!?fi 7^**'* *° ^''J ^ « Pi«sent on 



T -«»drea» output to dram 

// corresponds to linenumber, only first ad.fc«»= < 
cdu_diu_„adrt4:3J - color flenecates these bits of the addreas: 

if (half 1) then 

^^^=.u.<,iu.waa.,.i,„ . upr.halfblocK_.ar f.. of ..^ bloc. 

cdu.ai^wadr,«,„ , l^_balfblo=^adr ..^ lines 0-3 of .... bloc. 

ir^rta^il7iTocrr\rtVn**'*'"'' -ccese 
If (half 1) then 
half * 0 

if (color « inaxj>lane) then 
color * 0 

" Pu^sfw^Id^^e'*'"'' "'^""3 • oe aPEG block, 

block = 0 

if (upr_halfblocR_adr == buff!e^ ^^^ tS^ * ""^ 

elaif (upr_halfblock edr ♦ max bloefe . 

upr_halfblocK_adr-= buf f ^^Irt °^^r """--"^acir, then 

else — 
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else = uPr_hal£blo=K..dr * ™a^iocK . 2 

block ++ 

upr^haif block adr ♦+ // «^„^ ^ 

else - address for lines 4-7 for next block 

color 

else 

half = 1 

if (color a= tnaxjplane) then 

if (block =«r roax^block) then // 

ccx, tnen // end of writing a line of jpeg blocks 

lwr_halfblocK.adr - buff^. !l* ' " buff_en4_-dr> then 



else 



lwr_halfl,iock_adr = lwr_h-lfblocK_adr * »«x_blocIc . 2 
X».ha„bIo=,^adr „ ^^^^ ^^^^^ 



else 
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Go Bag 

^U.diu_vvreq » 0 
odu_dn;_%vvatId » 0 



cau_dtu_wreq « 0 

rd.adv « 0 
rt-adv_ha!f_blockeO 

resetj 



idle 



c 



3 



Cdu_diu_%vreq a 0 
rd.adv b o 

rt^acfv_ha«Lblock = 0 



req 



c 



l![:^{K'It'!lM"--lftNn 



odii_tHu_%vreq « 1 
rcf_jadv a o 

rtLjadv,haHLblock»0 



ack 



c 



oou_tfiu_wraq » 0 
cdu^d tu.wvaJid a o 
nl_adv« 1 

«Lacfv_halt-block»0 



read 



c 



3 



cdu_dlu.wreqt>o 
odu_diu_wvawf e i 
rd.adv a i 
'd.adv.haWLblock- 



write 1 



c 



3 



cc(u_dJu_wreq » 0 
cdu^diu.%i^fid B 1 
(d.adv a 1 
'cLadv.haHLbtock - 



write2 



c 



J 



cdu_cflu_wreq = 0 
cdu.diu.vwaud » 1 
id_adv B 1 

fd^advjwlLbfodc-l 



odiJ_diu_%irreq « 0 
odu_dtu_wvarid s o 
fd_8dv = 0 

rd_adv_luiff_ttock « 0 



writes 



3 



cdu_dJu_wfeq = o 
cdu_diujwvajld « 1 
rd^adveo 

nJ-.adv_ha«LWock»0 
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22.5.9 Contone line store internee 

The contone line store int^lZlLT: !''!!?.^^^^^^^ ^ ^FU reads them line -at-a-time. 

write to. TTjus the size of the Une storein nWl m^^^ . '^"""^ fo"" «»e CDU to 

line store interface is 8 lint p'SZ "a^^b^^^^^^^ f ^ "^"^ the 

scheme while 16 lines provi<ies a doubleSr scLme ^ ^" ^ ''^ 

^ssirc-a^'T^rreroS^^^^^^ 

set to the value of „um buff Tie cmr T,^ ^ ^!^°°^ fro™ © » 1, numjines_avail is 

available for 8 lines JaS^i wiJ^d^eft^^ '° ^ ^ ^'^^^^ 

writing 8 lines, the M;rite conSol^TstdltC^i ol^^^ " ^ ^^^^^ 

CFU. and nwnjines auail is dea^mMt^Tf 7 

//«.^*«*_atri,_«./retobes«Lgair^r?mi^ ""'^ "«^t *«^° for 

priately. and sends its own «ixrfv/S S Ae Sdu?™ . fo"«ponding to M«,rf^S««e pulses ,ppro- 
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23 Contone FIFO Unit (CFU) 

23.1 Overview 

23.2 Bandwidth requirements 

direction is perfonned at the outp Jof iTcF J oraXfbv^^^^ '° ilf" » ^ 

tion is perfonned by the CFU reading each line a „^ wtr k «pUcation in the Y direc- 

DRAM. The HCU generates I Subf-2i„ '° ^'^^^^ f^tor. from 

I side per 2 seconds^or fulfb leS A4^i'^ti "> -^^-^ a print sp;ed of 
color contone pixel (32 bits) eveo^ SF^ks^l fu^^JV^y^T' ''fL'i,''*'^ *° ''^ ^PP"*'* « 4 
from DRAM at SJ3 blts/cyde' ^ ^ ^67 ppi the CFU must read data 

23.3 Color space conversion 

and K. directi; represented by cS ^ T^fo^ ^^'^ ""^y ''^ ^' ^' 

muIti-SoPEC prinlig with exL colols ' " "^P^* ^old, metallic green etc. for 

iJ^eU^pSi^S C^^^^^^^ visible^ity when luminance and chrominance 

luminance infoLtiS^t SneedTo beZ!^^^ be luminance, but C. M and Y each contain 
fore provide the means by Zl c^^t^lS^Z'^^'^^^^^^ T 'I ^ 
sion. H^w^cu w dortf^ as YCiCb. K does not need color conver- 



1 . 32 bits / 6 cycles = 5.33 bits/cycle 
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1 color plane, no color space conversion 

• 2 color planes, no color space conversion 
3 color planes, no color space conversion 

• 3 colorplanesYCtCb. conversion to RGB 

• color planes, no color space conversion 

. '♦colorplanes YCK^bX. convetsionof YCXn,to RGB, oo color conversion of X 
itte YCiCb to RGB conversion is described in f 141 Note th^t if fk^ a ^ • 

23.4 Color space inversion 

J;:^orc:r£^^?t^^^^ 

may be used to provide plan^ corrS: ofTcSo.^ nSnts °" '° ""^ '^'^ °^ 

^€^=255 -^iT^ conversion is given by the relationship: 

• M = 255-G 

• Y = 255-B 

Th«e jejatio^hips n«n^re the page RIP to calculate the RGB from CMY as follows: 

• G=255-M 

• B=255.Y 

23.5 SCAUNG 

sented by a numerator and a deno^r oSv^^« non-.nteger scaling with the scale factor repre- 
should be greater than or equJto SnSo^tTSf ^ "^f"^ ^ ^"^^ """'e^tor 

the numerator is p«>gram2, as 5 1'dTZS^rr ^SS^^ed^^ ^ 



is gener* 



if (count * denominator - numerator >= O) then 
count = count * denominator - numerator 
advance = 1 

el3e 

count = count ♦ denominator 
adv€uice = 0 
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23.6 Leao-in and leao-out cupping 



blocknbelow)vwllb;thela«;pS3bl^St^^^^ on the boundary of the 2 SoPECs (JPEG 

line printed by SoPEC #2. Seisin iS^S^ bllTJ '^^'1?^ ^r^^ #1 and the first JPEG block in the 
ately setting L WOu^C/S^L P^s ^ Sis « i«n«red by appropri- 

at the beginning of each line The ^(XhtlV^a^Jl^f "^"^ '^^nLi 

LeadlnClipNum register. ^ Une « specified by the 

It may also be the case that the CDU writes out irmr* n>c/- ui i • 

as shown for SoPEC U2 below. In LT^&e X ffS^^^/*f ^^'^'^J" »'>' 

spond to JPEG block m but the value fn7ri,!rL^ {^^ MaxBlock register in the CDU is set to corre- 

block Thus J?B^^^^::^^'^ti'yt!c^^'^ m CPU is set to correspond to JPEG 



SoPEC #1 
tea^n area 



SoPEC #2 SoPEC #1 
lead-n area , leadout area 



SoPEC #2 
lead-out area 




SoPEC #1 prints left 
side of page 



SoPEC #2 prints right 
side of page 



FI9M~ 106. Lead-in and lead-out c..pp,„g of contoae data In mu.ti-SoPEC envi^nntent 

^ng :?t^e S'^-dXri^^^^^^^^ - ^ - Pnnter's reso.uHon. The 

Ungih register defines the^Se of fte^^« ^^Srl T^.*^' ^CstartCaunt r^^. The HcuLine- 
.n.ls the scalingof the last v^dpife STfureT^^^^ 
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23.7 Implementation 

Figure 1 07 shows a block diagram of the CFU. 



ORAM Interface Unit 



^ Contone 
Decoder Unit 



deoompressed jX 
oontone buffer 



wr_buff, fd_boff 



/17 



JML6f\rd^en 



^ 5v v»ff-se([1.-01. rd_ael(2.-01 



Y-scaJrng 
control unit 



A ^4 A A A 



Cb 



Cr 



color space converter 
op3 cp2 cpl 




Y 
opOj 
6 



YCfCb2RGB 



^nv9rt_cok)f _ ptene 



.^8 .^e 



8 ^ 13/ 15/ 



15 



configuration 
registers 



'16/ "8 ✓ "a y "8 



output 
doutDle-buffer 



8 



4^ 



▼ ^ ^ ^ 



3 /'a I 





1 — *—i 


J p 

^ linsS esk fan rAoH 


oontone 
line store 
interface 





X-GcaUng 
control unit 



32 



8 y^B ^^8 



Contone 
FIFO Unit 



Haiftonc/Compositor Unit 



PEP CoatroUer Unit 



Figure 107. Block diagram of CFU 
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23.7. 1 Definitions of I/O 



Table 101. CFU port list and cfescriptlon 









1^ 

IBI 






PCU interface 
pcu_cfu_sel 

pcuu/vwi 


1 

1 
1 


In 

In 
In 


System reset synchronous active low 

S^if'^''"'"'*'* ^*"'*'«-«*-««"shlBh both " 
P'^u atfrand Oct/ flfateolif nrA waiiH 




pcu_adrt6:2} 
pcu_dataoui[31:01 


4 

32 


In 
In 


Common read/not>write signal from the PCU 

PCU address bus. Only 5 bits are required to decode the 
address space for tfils block. 


|_<rf"-PCo_data[31 :01 


1 

32 


Out 
Out 


Shared write data bus from the PCU 

^.^S^'l^'^'^u^^^""^' Pora writecydethlsmeans 
P«^ctetaoaf has been registered by the block and for a read 
cycle this means the data on cfu dcu data is uoim 
1 Read data bus to the PCU. ' 


I DIUInterfeca 

1 cfu_d!u_iTeq 


1 


Out 


^!^J^ request, active high. A read request must be acoom- 
panied by a valid read address. "^-cown 


1 dhj_clu_rack 
I cru_dIu.radi(21:S] 


1 

17 


In 

Out 


Acknowledge from DIU. active high. Indicates that a read 
request h^been accepted and the new read address can be 
_praced on the address bus. cfti_cffi/_/arfr. 


1 dlu.cfu^rvand 

1 cfju_data[63.*a] 
1 CDU Interface 


1 

64 


In 
In 


CFU read address. 17 bits wide (2»*it aSgned word). 

Read data valid, acth« high. Indicates that valid read data is ■" 

now on the read data bus. dtu^data. 

Read data from ORAM. 1 


1 odu_cfti_wiadv8ane 


1 


In 


Wnte anne pulse, active high. Indicates that the CDU has fin- " 
ished writing to 8 lines of decompressed contone data to the cir- 
ojlar buffer In DRAM and the data is avaftafale to be read by the 


1 cfii_cdu_rdadvnr>e 
HCU interface 


1 


Out 


rot^fJ'"® P"'*'^ the CFU has finished 
reading a line of decompressed contone data to the circular 
buffer in DRAM and that One of the buffer Is now free 


hcu_chj.advdot 

cfu_hcu_avaif 
cfu_hco_cOdata(7:01 
chi_hcu_c1 dataf7.-0] 
cfu_hcu_c2datat7:0] i 
c^«*Kni_c3datap:0J ( 


1 

1 

6 
B 

3 ( 
3 < 


In 

Out 
Out 
Out 
Dut 

>Jt 1 


Infonrns the CFU that the HCU has captured the pixel data on 
ptxei on the data lines. 

Indicates vaijd data present on chj^hcu_c(0>33data fines. 
Pixel of data in contone plane 0. 
Pixel of data In contone plane 1 . 
^ixei of data In contone plane 2. 
^el of data in contone plane 3. 
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23.7.2 Configuration registers 



and writes, the lowTrlbSof ie ^^''^ '"'^ "^"^^ ^^-bit register reads 

rrri wi,JL !r • . ^ address bus are not required to decode the address soace for the 



Table 102. CFU registers 




Setup registers 



0x0 



Writing 1 to this register starts the CFU. Writino 0 to this 
register halts the CFU. 

When Go is deasserted the state^achines go to their 
Idle states but all counters and configuration registers 
keep their values. 

When Go is asserted ail counters are reset, tnjt configu- 
ration registers keep their values (I.e. they don't oet 
reset). 

The CFU must be started before the COU is started. 
This register can be read to determine if the CFU is nin- 
ning 

(1 ' running, 0 ■ stopped). 



0x18 



OxIC 



0x20 



MaxBlock 



BuffSiartAdr 



BuffEndAdr 



4LtneOffset 



YCrCb2RGB 



13 



15 



15 



13 



0x000 



0x0000 



0x0000 



0x0000 



0x0 



Number of JPEG MCUs (or JPEG bkxk equivalents. i,e. 
6xeb/tea)lna!ine- 1. 



Points to the start of the decompressed contone circular 
buffer in DRAM, aligned to a half JPEG btock boundary 
A half JPEG block consists of 4 words of aSS-bits, 
enough to hoM 32 contone pixels In 4 ookirs. i.e. half a 
JPEG block. 



Points to the end of the decompressed contone circular 
buffer In ORAM, aBgned to a half JPEG block boundary 
(address Is inclush«). 

A half JPEG block consists of 4 words of 256-bits, 
enough to hold 32 contone pixels In 4 colors, i.e. half a 
JPEG bteck. 



Defines the offset between the start of one 4 line store to 
the start of the next 4 line store. In Rgure 108 on 
page 294, if SufSfart4dSr corresponds to line 0 block 0 
then BuffStartAdr^ 4UrjeO/feef corresponds to line 4 
block 0. 

This register is required In addition to MaxBfockas the 
number of JPEG blocks In a line required by the CFU 
may be different from the number of JPEG blocks in a 
line written by the CDU. 



Set this bit to enable conversion from YCrCb to RGB, 
Should not be changed between bands. 
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Table 102. CFU registers 

m 



Si 





Set these bfts to perforrn bit-«vise Inversion on a per color 
plane basis. 

bitO - 1 Invert color plane 0 

- 0 do not convert 
bitl - 1 Invert color plane 1 

- 0 do not convert 
blt2 - 1 Invert color plane 2 

• 0 do not convert 
bits - 1 invert color plane 3 
Should not be changed between bands 



Number of contone pixels . 1 in a line (after scaltna). 
Equals the number of /iai_cftcc/oeaeA^ pulses - 1 
feceived from the HCU lor each line of contone data 



Number of contone pixels to be Ignored at the start of a 
hne (from JPEG block 0 in a line). They are not passed to 
the output buffer to be scaled in the X direction 



Number of contone pixels to be Ignored at the end of a 
line (from JPEG block MaxBlock 'm a tfne). They are not 
passed to the output buffer to be scaled tn the X direc- 
tion. 



Value to be k>aded at the start of every nne Into the coun- 
ter used for scaling in the X directton. Used to control the 
scaRng of the first pixel in a line to be sent to the HCU 
Thts value wffl typically be zero, except in the case where 
a number of dots are dipped on the lead In to a line 



Numerator of contone scale factor In X direction. 



Denominator of contone scale factor in X direction. 



Numerator of contone scale factor In Y direction. 



Denominator of contone scale factor in Y directton. 



23.7.3 



Storage of decompressed contone data in DRAM 

The CFU reads-decompressed contone data from DRAM in single 256-bit accesses JPEG hlnrW 
decompressed contone data are stored in DRAM with th* accesses. JFEG blocks of 

is in order to optimize accesTJofrSs bv ^ri^^^^ arrangement 
in each 256.bit DRAM woA ^ru^Zt!c^^ "^'7 components are stored together 
256-bit DRAM access. ^ ^'^'^ ^ ^"^^'^ ^^^"^ ^ ^'^^^^ ^'^^ '° each 
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4 line 
store 



ORAM word p j — 
ORAM %vord f>f4 — 



DRAM 



JPEG block 0 
Wnes 0 to 3 



JPEG Mock I 
fines 0 to 3 



4 fine 
Store 



ORAM %M>rd p+4n 
— ORAM word q 
ORAMwqfd^ 



255 


191 


127 j 


O c 




ca^o 1 


C2L0 1 


C1L0 1 


COLO 


word p 




C2L1 1 


C1L1 1 


C0L1 


woFdp^l 


C3^ 1 


cats 1 


C1L2 1 


C0L2 


word p+2 






ciLa 1 


JCDL3 j 


wofd p+3 



ORAM word q44n 



JPEG Uock n 
Rues 0 to 3 



JPEQbtockO 
Qnes4to7 



JPEG block 1 
fines4to7 



JPEQbfodcn 
tines4 to 7 



C3^ r 


C2L4 1 


C1L4 1 


^ c 

C0L4 


C3^ 1 


C2L5 1 


C1L5 r 


COLS 


C3^e 1 


C2L6 1 


C1L6 1 


COL0 


03^7 i 


C21.7 1 


C1L7 f 


C0L7 



wordq 
word q>1 
word 042 
word q^3 



< '"Vaesone256bCtfeadofawofdkiDRAM 

CX-ColofX 

UY - Line Y or 8 bytes of a line m a JPEG block 



Figure 108. DRAM storage amingement for a single line of JPEG bloclcs in 4 colors 

sequence, as shown in Figure 108, is 



The CFU reads data line at a time in 4 colors from DRAM The read 
as follows: 



line 0, block 0 in word p of DRAM 
line 0, block 1 in word p+4 of dram 

line 0, block n in word p+4n of DRAM 

(repeat to read line a number of tinies according to scale factor, 

line 1, block 0 in word p+l of DRAM 
line 1, block 1 in word p+5 of DRAM 

etc 



becomes available for the CDU to write to. contone data that 4 line store 

23.7.4 Decompressed contone buffer 
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23.7.5 Y-scalmg control unit 



DRAM in single 256.bit ,JS JjTr " ""I ft"" 

---»DR«.„i^,.,„«,^rj:°,r«^isrdiSi^^^^^^^^ 

Wb» „ tl.^. .S^'S^^^^f «',j;^J^7»"<l«^ DRAM. 

that writes are to occur to. ^re to occur from, and a single bit (nr.tej^ for the cuitent buffer 

6«<tflo*_to_i«rjte equals ~ina?lm.ai7/Wr &«/9^ , . 

« set. and Hr_6«#is inverted. WheneveT dZ cAT^^id^I^i^^"^ buff_avaU[wr_buffJ 
of data from DRAM to the buffer seStjl^iS^t^;:,^^ '^-^'^ « 64^iu 

/•rf_e« and gets incrementedto poim to fte S ™h. 'f *« buffer by asserting 

write the data to the output double-bSff^ of Se ^^^.7f^^. ^"^^"^ " ^^"^^"S ^^^'^^ 
bin »d«Ce«isassertS.^^_«v«///>S«X^^^ r^^^' -l-^ 

P ^^'AX"eTe«^rie'SS^^ V-^e factor, before the CPU moves 

direction is thus performed. ""Vressed contone data. Scalmg to the printhead resolution in the Y 

U assign read address output to DRAM 
cdu.diu.wadr(21:7) = curr^halfblock 
cdu^diu^wadr{6:5J = lineClrO) 

inv^l«av:.l'«"r'/-"^-— ' a.ce. each ^ .^cess 

mLT»" '--^n« - line or contone i„ „p . 

pulse RdAdvline y-Scaie^denom - y_scale_num 

if (line « 3) then - , ^^^^^^^ ^^^^ 
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line 



curr_h»lfblcck = buf f.etartladr 
»i,-i"!7f"'"'-"'^'' = buff_start_a<lr 

"^«^\"L-X^Tr\^; .\^":=---' - -«.e„,^.a.„ .Hen 

else"*"*'*'''"'"*' " """-st-rt-adr 

curr_l»lfblocV , Iine_start_adr * 41i„e offa^,. 
lin._s.,.t.aar = Xine_scart_adr * ^Ln:!:"::.' 

else 
line 

else ^"-^^^^o^'^ = line^start^adr 

// re-read current line from dram 
y-acale^count = y_scale_count * y scale 
else '^^^^-^^^^^'^^^'^ = line^starcjdr 
block 

currjialfblock 
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cfu_diu_irraq » 0 
wr_adv_buffaO 



cfu_diM.rreq e o 

wr_8el 0 
wr_a<fv_buff a o 



< 



idle 



c 



3 



wr^seloo 



req 



c 



> 



Sfl PK tf> wma 



ack 



c 



w_sel«0 
w_a(V.bijff«o 



readl 



c 



0 



cnj_dnj_rreq >* 0 
wr_fi€r o 0 
wr_acfv_bufl c 0 



read2 



2^1 fvnffi — 1 



wr,atfv_buff = 0 



reads 



c 



cnj_dlu_rreq = 0 
wr_ady_buff 0 



read4 



> 



wr^sel ■ 3 



Figure 109. State machine to read decompressed 



contone data from ORAM 
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23.7.6 Contone line store Interface 

The contone line store mterfacelov£ Ae mJL^^^^^^ Ime-at-a-time. 

^eTe^by S cm a;^:^' S^;*^ -^"^ the CDU and are avaUable to 

DRAM wL the C^V^^nY^Z;^';^^^:^, "^'S' '^^^ ""^^ '-^^^ »<> ^-^^^^ 
lines, it sends an -^.^.^^ toT Cm"^^^^ » 
CFU may continue reading from DR^^ ^'li^ incremented by 8. Ae 

set while buffjines_avail is greater AanOvE.^ y"^-*^'' «.8«ater than 0. line8_ok_to_read is 
from DRAM, the Y-scaliog S^^rs^^jiSlzSS f ^ ''^^a 

CDU to free up the line mlbt bufferTlSl ^ ^ '"^^^ ^ «> 

v///ie pulse. " buffjlnes_f,vatl is decremented by 1 on receiving a iW^rf- 

23.7.7 Color Space Converter (CSC) 

ROB. If YOCb2R0B «,uaU 0, Ih, coi^ESTl™ ^ "owo.on sop »„„, YCCb to 

latency of the mmtt YQCb to ROB bSL iSTt!? X""?" '° ""^ ""k- tte 

ptooe .s it bypasses Oe block. » ' «)«le. Ibis latency «hoald be e<,iiai»d for the «|, color 
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Figure 1 10 shows a block diagiam of the color 



space converter. 




♦-cpo 



> cpl 



^cp2 



YCfCb2RGB 



'"verL.colorjjlane 



23.7.8 



RgurB 110. Block diagram of color spaco converter 

version is implemented as follows- ^ accuracy is mamtained with 18 bits. The con- 

• R* = Y + (359/256XCr-l28) 

• G* - Y - (I83/256XCr-128) - (88/256XCb-128) 

• B* = Y + (454/256XCb-128) 



that, while j 



X-scaling control unit 



1. -179 is saturated to 0 

2. 135.5, with rounding becomes 136, 

3. -227 ts saturated to 0 
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if (wradv =^ 1) then 

if (Pixel^count (n«x^lock,blll)) then 

pixel_count =0 
else 

pixel_count ++ 
if ( (pixel_count < leadin.clip_ntun} 

OR (pixeI_count > ({max block kii i \ ^ 

wr_en - o » tniax.oioOc. bill) - leadout_clip^num) > ) then 

else 

wr_en s= i 

When a v.r_e„ puke is sent to the output double-buffer, buff avail buff, and A. .r - • 

The output cA_Ac«_av«/equaJs6«irm«,//WA„^ w,, ^''f"""*"-^ ^--^^iT's inverted. 

HCU that data is available to be S^-^^^^-c^' ^ur^-'^'Tl "^"^ '"^^ »° 

rs^pre.trdi-ff^--''---^^^^ 

potSrp^r.r„??at"S^ J-^^^ H-lntheXdi^ontoproduce 

first pixel is scaled by. hcuJine^lenJ^^Tht X^otZ JZj^' ""''"l*'^ •'^ ^'"'^J^ the 

line that is sent to the HCU is scaled by. '"^-'"^-"'"'^ ^he amount by which the last pixel in a 

if <hcu_cf«_dotaeIv ==. i) then 

rd_en « X 3<u-scaie_denon» - K.scale_num 

else 

x_scaIe_coux,t » x.sc-le_ccunt . ^cle.denon. 

else 

i^scale.count « Jc^scale.count 
rd_en = o 

rJrbr'"?? ^^^^^ ^--^^^raj^ ^ Cea^d. and r,_in.ffU inve^cd. 

«xen«d. then a n/_e„ pulse is genrated to^rr/nt X^e^L f * A«_c>_di,rarfv pulse is 

leset to 0 and x_scale_count is loaded wlS^A^^^f CFU. rfocarf._co««r is 




24 Lossless Bi-level Decoder (LBD) 



24,1 Overview 



the number of Unes to dccon^press. Althou£X 1^^:^,^ 5°^^^ "St^iT^""^^ 
compression, the LBD can cope with any cornDttJ^n^^r^flu ! *° P™* > 0-> 

pass-thiough mode is provideS for h l^Ss^ Te^^^/nt f "l"""'"^ ^"'^ ''^ A 

50:1. Lossless bi-level compression L^^avLl! '^ ''^ '''''^"^^ 

which compress poorly. " ^"8* « 20:1 with 10:1 possible for pages 

o'^^ro^e's^'-fs^oT Fl^'^uSr^^:^ ^ <»--P-ed bi-levei data is 

unit) for the n«ct stage in the prim^g'*^^^ ^ '°P"* *° '^'^ "CU (Halftoner/Compositor 

is used by the PCU id is a JS^ai^fnt^^,''|f cIS * control feg that 



Ibdjintshecftand 



ORAM 
JmertaceUnit 



PCU 


4 


LSD 







Spot FIFO 
Unit 



HCU 



Figure 111. High level block diagram of LBD In context 



24.2 Main features of LBD 
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Figure 1 12 shows a schematic outline of the LBD and SFU. 

The LBD is required to support compressed images of uo to 800 Hn.* if ui 

b;-..elj^,.of up to.^OOdpi. feline buireUL^^^^ 

PECILDB outputs 16 bite in paSd to Se PEO^ ' dot/cycle. The 

the LBD in SoPEC can run m^fch fasteTt^ ufi^S ^fis^fS tr.u'^'^ '^'^"^ 
processing latency, to be absorbed «qiMrca llus is useful for allowmg stalk. e.g. due to band 

grammed number of bits. i^l^^^^^e ^t^^^^ «^ P-P- 

length code, foUowed by pass through. ^ run-length code ,s always executed as a run- 

s'^resT;j2;ii^^'^Cta D^^^ SP- Unit (SFU). Tins 

lines up to a P«.UnJ^nr^^ir'^h7sS^~J^^^^^ 1!?^^ ^^'^ ^ 
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13 



Kbytes of Slorage. I 'Kbytes of stong.. An A3 line of IM«8 dots leqiues 2.4 

T^LBD Sntshe- betK, s.,.,^ is ,0 «nj attd is .ddi,».^y 



LBD 



RFO 



SFU 




DECODE 



FIFO nextjine 



FIFO 



prevjlne 



7^ 



DRAM 



All RFOs are 64 bytes 
(nvicethe DRAM data 
word width) 



64 



ORAM«viite 



64 



ORAM read 



FIFO currjine 



HCU 



Figure 112. Schematic outline of the LBD and the SFU 
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24.2.1 



Bi<(evel Decoding In the LBD 



Table 



1 

I 

^ Q 



':'tL°r!l ''': :' "^^^ compressi on encodings 

Pass Command: aO <- b2. skip next two edp^ ' 



1000 



1 



110 



010 



110000 



Veftical(0);a0 4-bl.cotof « icolor 



Vertical(l):aO<-bWi.cQ tor = f^ikr 



verticaiM): ao <^ bi - 1. c olor « i;::i:r 



Veftica!(2): aO ^ b1 ^ 2. cofof Ccotor 



VertlcaI(-2): aO <^ bi > 2. color » ^ZZT. 




^^i^^^^SjSSdTpr ^ --ugh „ode is activated 

number of bits, whichever is shorter, n^^^i^r^re^ tUTr" "''"^ °' ' Pre-prog«au„ed 
followed by pass through. The pass IhrouS^M^^ '^'^ "'r^' « a run-length code, 

than or equal to 3 1. ^ « « length nm-length with a nm oftess 




RRRRR1 



f I 

s s 

If 



RRRRR1 



RRRRRRRRRRIO 
RRRRRRRRIO 



RRRRRRRRIO 



RRRRRRRRRRRRRRROO 



^RRRRRRRRRRRRRROO 



Short Black Runtenqth (S bfts) 



Short White Runtength (5 bits) 



Medium Black Runlength (10 brts) 



Medium White Runlength with RRRRRRrr . 
Enter pass through 



= 31. 



U)ng Black Runlength ns bite) 



Long White Runlength (15 bits) 



the nght to most significant bit at the left). ^ fleas* significant bit at 

pass the data to the LBD as ua comp^Sd IJ^^^^.^^^S""""* -ould be Easier to 

mented m the PECl version of the LBD. WhS Ae UoS." " ^at was not imple- 
the data stream is an un-compressed bit. This^ifi^ S o%"oL^^^^ 
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24.2.2 



fte coding scheme of Table 1 04 it is s^l Tega totnt^iJl^^t " ^'l"" "^^^^ "o*«=ver under 
been designed so that if a short nmlength vSue ifdl^Sei i^a or long runJength. The LBD has 

co«nu«d coning this runlength is^co^ ct^S^Iy ^ 

mode and the bits following the mnlength is un-comDSTtTrT,? t ° ^ 
either a progxanuned number of bits orSe ^^A^^^h.^' "^^ugb is 

mode.con^letedthec„rrentcoloristhesan«^S:S:rt?tl^^^ 
ORAM Access Requrrements 

Table 105. DRAM bandwidth regulremente 



r 



Direction 



Maximum number of 
cycles between each 
256-brt DRAM access 



256^ (1:T compressron) 



Pealc Bandwidth 
(bits/cycle) 



1 (t:1 oompresston) 



Average Bandwidth 
(bftateyde) 



0-1 (10:1 oompresston) 



— ■ ^ ^ w.T pun CO 

1 : A. 1:1 compression the LBDi^s 1 bit/cycic or 256 bits every 256 cydcl 
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24.3 Implementation 

24.3.1 Definitions of lO 



Table 106. LBO Port Ust 




cdu_endofbandstore(21 ;5J 



oc<uu8tartoft>andstore[21 :5] 



(bd_frnishedband 



OHJ tnterface sfgnate 
lbdLdiu_rreq 



17 



Out 



Address of the end of the current band of data 
256-bit word aflgned DRAM address. 



AMr^ of the start of the current band of data. ' 
2S6-bft word aligned DRAM address. 



iBO finished band signal to PCU and fnterrupt ControriiT 



lbd.dfu_radrt21:5J 



*"u^ft>d_rack 



diu_dataf63.*0J 



diu_lbd.n/alid 



17 



64 



Out 



Out 



In 



In 



In 



panfed by a valM read address. "v«w»iii- 



Read address to DIU 
1 7 brts wide (2S6-blt afigned word). 
Acknowledge from DfU that read request has been" 
^di^ ^^cl address can be placed on 



Data from OIU to SoPEC Unite. 
First 64-brts Is bits 63:0 of 256 bit word 
Se^d 64-bits is bits 127:64 of 256 bit word, 
^trd 64-bits rs bfts 191:128 of 256 bH word 
Fourth 64>bits is bits 255:192 of 256 bit word 

X r^L^C" ^""^ " 




SFU Interface data and contfxX signals 



Ready signal to the PCU. When /ftd _pcu niv is hioh it inrti ' 
the iastcycleof the access. BSfTw^^^ftt^J"*" 
means /«:«_tfate0Whas been roolste.e<j «y the Woflkand 
tor a read cyde thle n,eans the data on iSZ^'^ 



sfu_lbd_rdy 



In 



n^S;;,!!^^ ^™ P^«^3 «ne data 

avarfabJe for reading and is also ready to be written 
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Table 106, LBD Port Ust 



sfujb<f^ldata[1 5:0J 
ibd^sfii_wclataf15.-0] 



Ibd.sfu.wdatavarid 



SI 




16 



Out 
Out 



Data from the previous line buffer. 
Write data for next line buffer. 



Write data valid signal for next line buffer datA" 
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24,3.2 Configuration Registers 

Table 107. LBD Configuration Registers 




Contr or re9lstefs 
0x00 



Heset 



0x1 



0x0 



A write to this register causes a reset of 
the LBD. 

This register can be read to indicate the 
reset state: 

0 - reset In progress 

1 - reset not in progress 



Writino 1 to this register starts the LBD 
WrWng 0 to this register halts the LBD. 
The Go register is reset to 0 by the LBD 
when it finishes processing a band. 
When Go is deasserted the state- 
machines go to their Idle states but aJi 
counters and configuration registers keep 
their values. 

When Go la asserted aiJ counters are 
reset, but configuration registers keep their 
values (i.e. they don't get reset). 
The LBD should only be started after the 
SFU Is started. 

Thie register can be read to determine If 
the LBD Is running 
(1 ^running. 0 - stopped). 



UneLength 
PassThrough Enable 



PassThroughDotLength 



16 



0x0000 



Width of expanded bNevel line (in dots) 
(must be a multipie of 16 bits). 



Writing 1 to this register enables pass- 
through mode. 

Writing 0 to this register disables pass- 
through mode thereby making the LBD 
cotryatible with FECI. 



Number of dots for which pass-through 
nwde wtfl last. If the end of the line is 
reached first then passthrough wfH be disa- 
bled. 



0x18 



NextBandCurrReadAdif2l :5J 
(25e-bit aligned ORAM address) 



NextBandLinesRemaining 



17 



15 



0x0000 
0 



0x0000 



Shadow register which is copied to 
CurrffeadAdr^Nhen (NextBandEnable ^= 
&Go^ 0). 

f^iextBandCunReadAdrls the address of 
ttie start of the next band of compressed 
b<-ievel data In ORA M. 

Shadow register which is copied to Unes- 
RBmaining when (NextBandEnabie == 1 & 
<3os=0). 

^extBandUnesRemaining 'is the number of 
Unes to be decoded In the next band of 
compressed bMevet data. 
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Tabte 107. LBP Configuration Registers 




0x1 C 



NextBandPrevUneSoui 



free 



NextBandEnable 



Work regfstef (read only for cxter nat access) 



0x0 




QxO 



Shadow register which is copied to Pmv- 
UneSource when (Next8and£nabte ^ l 
AGor=^ 0). 

1 - use the previous line read from the SFU 
tor decoding the first line at the start of the 
next band. 

0 • ignore the previous tine read from the 
SFU fox decoding the first Bne at the start 
of the next kiand (an alt O's line is used 
instead). 



f (/V«rtBandeiai/e « 1 & Go 0) then 
'NextBandCunReadAdrls coined to 
Ci//7/7ead4dr, 

'NextBandUnesRemaining is copied 

to UnesRemaining, 
'NextBandProvUneSoufce is copied 

to RmvLlneSourca, 
-GO is set, 

-NexiBandEnabfB Is cleared. 
To start IBD pn>cessing NextBancfEnabto 
should be set 



0x24 



0x28 



CunfleadAdr{2t.*5) 
(256-hft aligned DRAM address) 



UnesRennaintng 



0x30 



PrevUneSource 



0x34 



CurrWriteAdr 



RrstUheOIBand 



17 



15 



15 



The current 256-1)11 aligned read address 
withrn the compressed bHevel image 
{DMtA address). Read only register. 



Count of number of lines remaining to be 
decoded. The band has finished when this 
number reaches 0. Read only register 



1 - uses the previoas line read from the 
SFU for decoding the first line at the start 
of the next band. 

0 - Ignores the previous line read from the 
SFU for decoding the first Kne at the start 
of the next band (an all O's fine is used 
Instead). 

Read only register. 



The current dot position for writing to the 
SFU. Read only register. 



Indicates whether the current line Is con- 
sidered to be the first line of the band 
Read only register. 



24.3.3 Starting the LBD between bands 

^leT^:^^^^^^^ P-^ed with a stanaddress for the compressed 

ana, wniie the HCU continues to process previously decoded bi-level data from the SFU 
''^'^^ ^ mechanisms for restarting the LBD between bands: 



Doc: SoPEC.hafdware^design 
Version: 2,3 



S3 Proprietary Document 



29 Nov 2002 
Page 308 



SoPEC : Hardware Design 



^Wt^St^plf ^ '° ^PU- '^^ LBD will have stopped and cleared its 

the LBD. ««^««^'*«'^'««5«>un:e shadow registen^ and sets NextBandBnable to restart 

"^^n^JuST "^u^""'' ""^'^''-'^CurrReadAdr. NextBandLinesRemaintng, and Next- 

tage of this scheme is that the CPU could orocess banH hZT-T T 
commands in DRAM ready for ex2n ""^ ^'^^'^ ^ 

AThis is a combination of ^ and c above The pri T /'rafk^.. ♦u- *u r - 

BandEnable for the next band. * ^^"^ ^ 
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24.3.4 Top-level Description 

A block diagram of the LED is shown in Figure 113. 



ORAM interlace Unit 



\64 "^07 



lossless bl-lttveJ 
dscodar unit 



Stieam 
Decoder 



2> 



^pa&s_ttvwgh_dol.tenflth 



pass_throutfuenable 



'15.^ 



1 
8 

t It 



prev_.lfne^80tiroe 



Reglstef and 
Resets 



flnes.fBfnatning 



Pne.tength 



Command 
Controller 



15. 



^conlrpf ^ 



IS 



^ aO 



<bd^finteftedband 



Unit 



UneFlU 
Unit 



Ibdj 



sftj. 



_Sfu^U d^ffy 



1 tob 



data 



datavaBd 



End of Band 
Unit 



Ibd^pldata 



Previous 
Line Buffer 



tfii^advline 



1$ ItHJjsfij^wdag 



wdatavallo 



Spot RFC 
Unit 



Next 
Line Buffer 



Figure 113. Block diagram of lossless bl-level decoder 

The LBD contains the following sub-blocks: 
Table loa. Functlonai sub^locks In the LSD 



WfecHptton 



Registers and 
Resets 



Stream Decoder 



Command ControWer 



Next Edge Unit 



Une Rtl Unit 



floset signals tor the rest of the LBD "'^•amo 



race. H decodes ihe bit stream Into a command with arguments which it 
then passes to the command controllar. Buments. wnich it 



u'^JI the stream decoder and provMe the line fiU " 

urUt ^ a limit address and color to fill the SFU Next UneaSferlt ato 
provides the next edge unit starting address to look tbr th^^lJl, 



S«u,s ttwouflh the Previous Une Btifler using its current address to find 

rdoeunltl2^1'r'°'T^'^**'^'«'«"^^^^^ 

edge un« outputs this as the n«ct current address back to the command 

oontrolter and sets a valid bit when this address Is at the nr^^^e 
limit address. The color and limit are provided by the command con^* 
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24.3.5 



24.3.6 



• SfS^s ntS'bSe?'™ "-"^ "^^"^ ^ — <^-<^ «ne but wriu^s this dau i^o the 
Naming of signals and logical blocks are taken from [18]. 

All output control signals from the LBD must alwavc ^^ua «a 
Registers and Resets sub^lock description 

ters. Tl.e register descnptioL forLl^D L^i^cdt" ITS?' '^'^ "^^^ 

^SS'?£'^R^rs^^ttL"^^S r *^^'-^-'•~>'^configu»tio„ values a« written 
LBD. In the case ^T^jL::^n1ZZst^Cis7^r ^ ''^^ »° sub-blocksT*: 
LBD. ^' " decremented for every line that Is completed by the 

If pass through is used during a band the PassTkrr«,^i,B-^^i.i 

liTO reg««.ss of whal the out of Ihe^ iT^ "Xl «« o if it is reciviae ■» aros for .he previoio 

pressed data stream. ^i^esung oata trom the DIU and commence decoding of the com- 

/' 

Stream Decoder Sub-block Description 

fto cawy s[..oe cteatod by ttoS "-b* »<«<l ten the FIFO to MI up 



S3 P^^iaty Deepen; ^ 
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A dataflow block diagnun of the stream decoder is shown in Figure 1 14. 



DRAM Intertace Unit 

T ? r 

T 11 I 



Stream D«co€ter 



/'17 



staid 
machine 



64 



64 



FIFO 
>=9 Locations 



24 



^13 — 



^ ^ ^ ^ , 



24 



/^64 



shift 



64.fait Banel ShM Regtstar | 




S<*Acc SdVaiid 



1 j l^omrnamT^ 



EndOfBandStore 



StartOfBandStofB 



c 



1 



/'15 



ConunandControllar 



Rgure 114. Stream decoder block diagram 



24.3.6. 1 DecodeC - Oecocfe Command 

The DecodeC logic encodes the command from bits f> n «r ti,„ k . 

-mands: SKIP. VERTICAL and RUNLENGTH U^^t J *° «>ni. 

consumed, which feeds back to thebln^f^ft J^ste '^"^ """^ bits wer« 

as a medium nmlength this teU the Z^^^^^^^^f^' """^ber less than 31. encoded 
length is decoded completely the LBD entaJS rSSS containing this run- 

be a number of bits that represent un-coS^edl^^e LRn ^, '^^"^r'^ "^^'^'^ "^^"^ ^l' 
all these bits have been decoded suc^STtS wS".? PASSJTHROUGH mod^ until 

or the line ends, which ever SmS fS^ * programmed number of bits is reached 

24.3.6.2 DecodeD - Decode Delta 

15 bit number, which is generally considered^nT^ ^ '"'^'P^'' « 
dots for an A4 page and ATsI^^^^^ ^'^^^^ 
^ ^'^^ «° ^ page (of 32,768), a 2 s complement representation of -3.-2,- 
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and the cumsnt command ''^^^ °" color 

24.3.6.3 Stata-maehine 

end_of_band_store need to be proeram^ s» tiuirt,*^..!! I mcremented. start_of_band_uore and 
DRAM word size. P^Sra""! » that the distance between them is a multiple of the 25<»-bit 

r::.^ co^Sr ^ ^ -o tions to 

'^^c^ni'^J^Z^i^r^^ ™- - passed to the com- 

pared, and ^^^^t^SI^^T. ^utf^iirets^rtH*^ ^ ^ '^"^ 
fetch from the command controller another Rnmp^^-^^ J^ ■ **^«"'** mstiuction 

Command Controller Sub-block Description 

ing address to look for the m«t edgTJdis r^„,^. ^h1! I- *^ » start- 

«>*_cc signal that is passed ^^^eSlfJi;.^^*" °f ^ the 

^^^^^arstchangingSrofn^^^ 



24.3.7 
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Figure 115. Command controHer block diagram 



24.3.7.1 State machine 



THe following is an explanation of all the states that the state machine utilizes 
« START 

a AfVAITJUFFER 

state w.en the state J^T^^l^SST^T^^S} TuZng^T''":' ''''' ^° 'T' 
mand controller can proceed to the PARSE st^ ^t.u_llUNNING state. Once this occurs the com- 

m PAUSEJCC 

due to band proa.ssm^SlZu^S^l^.^'^ Additionally the SFQ can also stall mid-line 
decoder gets more of l^^^Z^l^^ ^ to pause until the stream 

ftames. All of the r^«i;^S^Tz^V^^^J^T ?^ ^l"^^ "^^^^^ 

command controller enters to achWi* thu a "^^"s pause. fAUSE_CC is the state that the 

both asserted and th^Sl'r^^rrer^'^^^^^^^^ s^alUi ^ sfujt,^ an. 

PARSE 
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When in this state the command controller can receive one of four valid commands: 
a) Runiengtfa or Horizontal 

troUer signals this to the rest of the LBD and then returns to the START stot^^*° command con- 

bj Veitical 

\jaien tWs command is received, it tells the command controller that in •• 
change from the current color to opposite of the^^T^wT. ^ T " *° ^ » 

the current position in the previoiS^line f^ Se S^L^ k ' t^" ^ "^^'^ « 

blaclcrtis important tonotSthatriTac^o^M^^ 

STe 1^3. ^A^e%r;:i; 2rJht Tci^^::::':^;' t - 

element on the previous line for a ^^lOwif^^ T *1 ^ changing 

co™^«.»«S».J'S^^«t=Srta'S^?«»^'^«"-'''«o'^^ 

Should the next edge not be detected in the r^t^^^ ^ 

cj Skip 

c^h^S'ii'riste^^^:.^ S ^.-umds but color in the current line is not 

that the command controUerS;«;&^^e^^^^ T^5•«^'^'"' ^"^^ ^ ^P^**' ^^^P commands 
the cunem color in this '""•«"«=»"^° commands and has been coded not to change 

dj Pass Through 

TclL^il^^-^ee"^ t.^- ^ ^'-^ ^^cle that is uses to construct 

LBD can recommence noLalSfpS^'aZ^ISt^t J? "'T^'^ ^''^ 

color as the last bit in un-compressed S ^^^pIt color after pass through mode is the same 

command contK>ller as eachSt^u^^SSid !f! n^gl '"''u^' ^ ^ '^^^ ^ 

cessed in one clock cycle. command received from the stream decoder can always be pro- 

V WAIT_FORJiUNLEffGTH 

^o^Zr^^Z'^IZZ:^. ZIZ'J!T.IZ ^ ^« Fill unit 

clock cycle the command c^S^^te Jlo' Sj/^-'^'i^^T^f™?' RUNLENGTH. After the first 
iL£-W77/data has been co^Tc^^^£e^T'^"^-^°f.-^^^^^'^ ^ the i?CW- 

controUer will renan, to the pSsteT ""^"^ " '"^'^ the command 

v« WArrjpoRjfE 

remains here until the edge S^e^t?d J^^tdT^^^^^^ t ^-^^^"^^^-^ ^^e and 

return to the PARSE state. " ^''^ """^ command controUer will 
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vii FINISHMME 




24.3.8 



Figure 116. State diagram fprthe Command Controller (CC) state machine 
Next Edge Unit Sub-block Description 

ABC win seu^ 1^ T " "PpHed aid using these two values He 

..s»r«e.Buwi,,.;;^rrjr^::r.'^L-st^^-^-^^^^ 
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Figure 117. Next Edge Unit block diagram 



24.3.8.1 NEU Buffer 



presentsapxoblemforvlrtL^^^^S'^^^^ 16 bits at a time froo, the SFU. This 
ing element in the cunwt ft^^ ^ ^ " successive fiame. but refers to a chang- 

sr.jerc'Siv^f^e^i^raitrfr^^ 

struct the current fhinS^f^hecJ^mTrnf "^*>"™^»«>'^ »^ from the previous line to con- 

Xtf ? not StS?d"^e ^!„1" « «-«ved fiom the SFU as the SFU 

4Sest.acSj2i-=S=r.-»^^ 
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16 

use.prav_fine_a ^ 



16 



pl_buflLnly- 



16 



sfu_lbd_pW3ta 



pLbufLf^-dly 



Figure 118, Next edge unit buffer diagram 

Ser^rd^ft^^t^f are two 16.bit vcctois. use_j.r^Jine^a and use^r^Jine b. that are used to 
detect an edge that is relevant to the current line being put together in the Line Fill UnTt 

24.3.8.2 NEU Edge Detect 

^SL^SftJ^ir "^IT ^^PP"^ ^"fife^ based on the current 

ime posmon m the current line. aO, and the current color, sd^color, it will detect if there is an edge reS 
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I use.prev _iin^ " J Q 



15 



16 



15" 



»JS©_pr9V^IIne_b 



transftion_¥»tob 



=1 C 



ttansfticn,fatow 



19. 



cglQf.neu 



19, 



* \0 1 / 




19^ <tecode,b,ext & decode.b a F|RST-FLU_W RITE 



end.ftame 



maskfid.data 



«nood8,b_one^hot 



19^ 



encoda_b^4btt 
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u ns oeiow are ignored and the first transition after aO is picked out as the next edge 
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Tabre 109. Decode^b truth table 







0000 


1111111111111111 


0001 


1111111111111110 


0010 


1111111111111100 


0011 


1111111111111000 


0100 


1111111111110000 


0101 


1111111111100000 


0110 


1111111111000000 


0111 


11111111100O00OO 


1000 


1111111100000000 


1001 


1111111000000000 


1010 


1111110000000000 


1011 


11111000O00000O0 


1100 


1111000000000000 


1101 


1110000000000000 


1110 


1100000000000000 


1111 


1000000000000000 



neccssao^ bits can bfmed by tS N^^^^2t "ock supplies the mask so that the 

block. °^"*^^''*°'**^*«°«dgeifpresent,TablellOshowsthetruthtableforthis 



Table 110. Oecode_b_ext truth table 







ii 


vertical(-3) 


111 


VertfcaI(-2) 


111 


VertlcaJ{-l) 


oil 


OTHERS 


001 



tne nrst picture element", in which it states that "Tl,^ w .S, l ^ »J rerers to "Processmg 

is imaginarily set at a poktionS SefS^Ll^J?^ T"® ^^'^ «'<^8 

ment". transition wtobe^t^n^l? " regarded as a white picture ele- 

is only used by ^7E J^^:^tToT-^:! ^"^""^ "^.^'"^ '"^^ fiame. However h 
asserted at the beginmng o?a ,^e! 

clement if cod^^^^^tTZ^ the magmao^ changing element situated after the last ac^ 
edgeattheendofa^.SereTsSS^rre^i™'-^^^ 

o?rirS^:^iTe?ei;2X'2^^ 
withthett^ition.svecto.T^e^^ue»r.tl^^^^ 
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24.3.8,3 Enco(/e_b_one_hot 



block. aoie 1 1 1 lists the truth table outlining the fimctionally required by this 

Table 111. Encode_b_one_hot Truth Table 



XXXXXXXXXXXXXXXXXX1 



XXXXXXXXXXXXXXXXX10 



XXXXXXXXXXXXXXXX100 



XXXXXXXXXXXXXXX1000 



XXXXXXXXXXXXXX10000 



■ 



XXXXXXXXXXXXX100000 



^^xxxxxxxxxxxioooooo 



XXXXXXXXXXX10000000 



XXXXXXXXXX10QOOOOOO 



XXXXXXXXX1000000000 



XXXXXXXX10000000000 



XXXXXXX100000000000 



XXXXXX1000000000000 



XXXXX10000000000000 



XXXX100000000000000 



0000000000000000001 



0000000000000000010 



00000000000000001 00 



0000000000000001000 



0000000000000010000 



0000000000000100000 



0000000000001000000 



0000000000010000000 



0000000000100000000 



0000000001000000000 



0000000010000000000 



0000000100000000000 



0000001000000000000 



0000010000000000000 



XXX1000000000000000 



XX10000000000000000 



X100000000000000000 



10000000 00000000000 
0000000000000000000 



0000100000000000000 



0001 oodbooooooooooo 



OOTOOOOOOOOOOOOOOOO 



0100000000000000000 



1000000000000000000 



0000000000000000000 



24.3,8.4 £ncode_b_4bit 
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" '""^ ''"'^'^ "^^ '""""'^ ''^^ implemented to 



return bip to the command 



for V<n)blp = X * n moduluslS 
where x is the number that was extracted fi-«m • 

command. extracted from the •one-hot- vector and n is the vertical 



24,3.8.5 State machine 




Figure 120. State diagram for the Next Edge Unit (NEU) state machine 

The following is an explanation of all the states that the NEUstax^ machine utilizes. 
' MEUJSTART 

a NEUJ'lLL^BUFF 

completed it enters the NEUJiOLD state " ^^'^ P"^^"^ 

f« NEU^HOLD 
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T^mv waits in this state for one clock cycle while data requested from the SFU on the last access 
iv NEUJiUNNING 

V NEU^EMPTY 

the LBD. u««c«raa. i ms occurs when the erui_o/Jine signal is detected from 
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24.3.9 



Line Fill UnK sub-block description 

when it has put t^er^^^^^^^ '^'^^'^"^ ControUer and 

A dataflow block diagram of the line fill unit is shown in Figure 1 19. 



Next 
Edge 
Unit 



Stream 
Decoder 



command controller 



15. 



hokl_sd_cotoi' 



vmfnus.aam 



oommand 



1 



State 
Machine 



line flil unit 



15/ 



4 Omtt 



ift/.state 



ootor.seLlSbiLtt 



16/ 



line.llILd^ 



«wk^8fu_wdata 



a lbd_sAj_wdata 
^ ► 



Ii>d_ sfu_ wdatavafid 



fbd_8fu^adva 



SFU 



Figure 121, Line fill unft biock diagram 
The dataflow above has die following blocks: 

24,3,9.1 State Machine 

The following is an explanation of all the states that ±e LFU state machine utilizes. 
' LFUJSTART 
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ZJ='a_Ar£»l/j£C is only entered at the beginning of a new fiamp It • .t.- 

cycles if a whole frame is completed in on^k cycle Z "H ^'f^'" °" ^""^"^"^ 

iU LFUjCOMPLETEJUBG 

"^^Z^^^n^^lZtt;^^^ " — - «>-P'-«« *e first 
to derive the limi, and .erjS^rTwS^Sie^^^^ 

is the four lower significant bits^f ^O^dT^^'^r w """r^ * fr""*- 

machine also mainSS a cheSon *e upp^ele^^^^^^^ mask of ,rf_co/br. The stale 

the next that means that a ftame isclZf^ TnTZ^A ! ^ ■ clock cycle to 

UneUngth being reached thTZLe FruSlTf.^A '° ^ case of the 
last bit if the linf that uS So^ ^ "'"^ part of the Imae with the color of the 




lO'-I.INP T FfffrTH 



24.3.9.2 llne_mf_data 



Rgure 122. State diagram for the Line Fill Unit (LFU) state machine 



if (Ifu^state == LFU.START) OR (Ifu^state == LFU new REGI th^r. 

worl^sfu^wdata « color„sel^l6bit if ^-NBW.REG) then 

else 

work_fi£u_wdacaf(15 - linit) downto limit J = 

color^ael^l6Mt.lfr(15 - limit) dovmto limit] 
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25 Spot FIFO Unit (SFU) 

25.1 Overview 



S5 



"'^^^ ^ "^'^^ between the LBD and the 
S S?U i ti^ fte ouSuTtrth^ ^i^'V' P'*"^'^ " '^^'^ ^^«ical directions by 

25.2 Main features of the SFU 

TteSFU replaces Ae Spot Line Buffer Interfece (SLBI) in PECl. TT.e spot line store is now located in 
^^^fT'v '° ^''"^ 'i^e Pr«J«<=e'l by the LBD and outputs the 

'^'^'^ « ''^^ -'>i'*<»o aot fiJ^^D^ wol^'^S'^^^; 

^BD^le'^^-^^'tS^tf ^iT'^'"^^^ '^'^ ""^'^'^ ^ ^^^e. For the first 

to^ cfi. L!r^ilw ^ been asserted, previous line data is not suppUed until after the firet 

^ / "^J^*^ «>r witing. lbd^_advline tells the SFU to advance to the next line 
SJ-S-^Jtrii *f 1** ^P'y '''-"•^ P'^vious line Unril die n^be^^f 

.Bosh^---2;ss^^o^s^^^^ 

A si^ 4/!<-Ac«_avB// indicates that the SFU has data to sunolv to the wrrr • . 

^^-^-«v«// is true, -n-e HCU can therefore stall Z^^Z 
X and Y non-integer scaling of the bi-Ievel dot data is pcrfoimed in the SFU. 

^ 'J^tO "S^fori,"^^ ' "^"'^ 3 dots per cycle in total (reid + read 

^««ff « *e SFU recputes two 256 bit read DRAM access per 256 cycles 1 write ac<^s 
^6^1es. A single DIU read interfece will be shared for reading STe curre^ iTd Sus'l^es^l^ 
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25.3 Bl-LEVEL DRAM MEMORY BUFFER BETWEEN LBD. SFU AND HCU 




high address 

^ lbd_nexiline_adr 

> Jbd_prevline_adr 
hcu_readnne.adr 
^ hcu_startfeadline_adr 

low address 





high address 



Ibd^nextlfne.adr 



hcu_readline_adr 
> lbd_prev|jnd.adr 
hcu_startreadiine_adr 



low address 



(b) 



Key: 



(a) 

I I Free buffer space 
^ Filled buffer space accessed by LBD Interface FIFOs 
Filled Buffer space read by HCU Read Une FIFO 

n ""«*BaflerspacereadbybpthHCUReadUr«FIFOandLBDlnterfaceFIFOs 

Figure 123. BM^el ORAM buffer 

beforetheHCU J,;"e^2inD^- previous line add^ss 

based concept is that the li^ the HCLH; ™^ " * '^^^ of prograimmble size. TTie only line 

be re-„««l for scaling pmpo^s. ^ '^"^ *^ over-written because it may need to 

The SFU interfeces to DRAM via three FIFOs: 

a. The HCUReadLineFIFO which supplies dot data to the HCU 

b. The LBDNextLineFIFO which writes decompressed bi-level data from the LBD 
cThe LBDPre.LineFIFO which reads previous decompressed bi-level data for the LBD 

There are four address pointers used to manage the bi-level DRAM buffer- 

a. hcu_readline_adr[21:5J is the read address in DRAM for the HCUReadLineFIFO 
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^^"""^r-^^"'^ i» *. mi- .dd^ i„ DRAM for tt, iSDf,<^.F,FO. 
Tl. .dtes. P.ml«s n«a ob.y o««ta „Md, todies «», «. <»Jid- 

Kr-J-dnMJ h atUUy in^Hd. U^-l^h^jApi :S] no, a»o* 



25.4 DRAM access requirements 



The SFU has 1 read interface to the DIU and 1 write interfile, xi.- a - ^ ■ 

previous and current line read FIFOs. ""^ interface. The read interface is shared between the 

vious, current and next line interfaces. « " wiu need 256-bit double buffets for each of its pre- 

The SFU's DIU bandwidth requirements are sununarizcd in Table 1 12. 



jyjf PRAM bandwidth lequtrements 




I : "nvo separate reads of 1 \n\lcyz\<t. 
2: Write at 1 bii/cycle. 



25.5 SCALING 



factor represented by a numerator and a denom^^to^^ , non-integer scaling with the scale 
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if (count + denominator >= numerator) then 
count = (count ♦ denominator) - numerator 
advance = 1 

else 

count - count denominator 
advance = 0 



l^j? ^T^l l^' '^^^'^ °' « ^°Py of the current dot when the HCU 

a«em Ac«_.y^_«^d.,. The SFU counts the number of Ac«_,>_«i signals ft^mAe W^ 

Tan'^tSni^iro^HC^^^^^ "^^'^ 1." ""'^ Dl£Slt 

-ovance ro me next ime of HCU read data dqiendmg on the programmed Y scale factor. 

An example of scaling for numerator = 7 and denominator = 3 is cHv^n TaKi» 1 1 1 m. • i 
Table 113. Non-integer scaling example tbr scaleNum = 7, scaleDenom = 3 







m 


0 


0 


1 


3 


0 


1 


6 


1 


1 


2 


0 


2 


5 


1 


2 


1 


0 


3 


4 


1 


3 


0 


0 


4 


3 


0 


4 


6 


1 


4 


2 


0 


5 



25.6 Leao-in and leao-out cupping 

llne^tTr^!,;?' •^'o SoPEC devices, each generating its own portion of a dot- 
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25.7 Interfaces between LDB, SFU and HCU 




t sfu 


hcu^sdata 


sfu. 


hcu^avaii ^ 



HCU 



25.7.1 LDB-SFU fnter^ces 



Figure 124, Interfaces between LBO/SFU/HCU 

next line to the SFU and reads the previous 



The LBD has two interfaces to the SFU. The LED writes the 
line from the SFU. 



25.7.i.1 LBDNextLineRFO interface 

^f^'l^T^^^ '"^^^^^ the foUowing signals: 

• iod_sJu_wdata. 16-bit write data. sj"bu«i». 

• lbd_jiju_wdatavalid, write data valid. 

• signal indicating LDB has advanced to the next lin^ 



25.7.1.2 LBDPrevUneFIFO Interface 



The LBOPrevLineFIFO interface from the SFU to the LBD 
• sjujhd^ldata, 16-bit data. 



comprises the following signals: 



^^nMlt^l^^"^' ^'r'^T ^"^"^ following signals- 

W_^yu^/a,Mv^«/, signal mdicating to the SF^ ^ ' 

• Ibd^sju^advline. signal indicating LDB has advanced to the next line. 
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Previous Unc data is not supplied until after the first Ibdjsju^advline strobe from the LBD (zero data i: 
supphcd instead). The LBD should not assert lbd_ji/u_piadvword unless sfiijbd_rdy is asserted. 



sfiijdb^rdy indicates to the LBD that the SFU is avaUable for writing. After the first Ibd^Ju^advline and 
before the number of Ibd^sju^ladvword strobes received is equivalent to the LBD line length, 
sfi4jdb^dy indicates that the SFU is available for both reading and writing. Thereafter it indicates the 
SFU is available for writing. 

The LBD should not generate Ibd^sju^ladyword or Ibdjju^advline strobes until sjujdb _rdy is asserted 



The interface from the SFU to the HCU comprises the following signals; 

• sfii_hcu_sdata, 1 -bit data, 

• sfujicu^avail data valid signal indicating that there is data available in the SFU HCUReadLine- 
FIFO. 

The interface from HCU to SFU comprises the following signals: 

• hcu^Ju^advdot, indicating to the SFU to supply the next dot 

The HCU should not generate the hcu_sJu_advdot signal until sjujicu^avail is true. The HCU can there- 
fore stall waiting for the sjujicu^avail signal. 



25. 7* 1. 3 Common Control Signals 



25.7.2 SFU-HCU Current Line FIFO Interface 
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25.8 Implementation 

25.8.1 Definitions of lO 



Table 114. SFU Port List 



Clocks and Resets 




m 




pdk 


if- 


In 


j SoPEC Functional dock. 


pfstjn 




1 


1 Global reset signaJ. 


OiU Read Interlace signals 




sfu_diu_rreq 




Out 


SFU requests ORAM read. A read request must be accom- 
panied by a valid read address. 


sfu.diu.fadft21:S] 


17 


Out 


Read address to OILf 

17 bits wide (256-bit afigned word). 


dhj.8fu.rack 




In 


AcknowJedge from DIU that read request has been 
accepted and new read address can be placed on 


dju_data(63:0] 


64 


In 


Data from DIU to SoPEC Units. 
Rrsi 64-bits are bits 63:0 of 256 bit word. 
Second 64-blts are bits 127:64 of 256 bit word. 
Third 64-btts are bits 191 :128 of 256 bit word. 
Fourth 64-bits are bits 255:192 of 256 bit word. 


<Au.sfij.rvafid 


1 


In 


Signal from DIU telling SoPEC Unit that valid read data is on 
the diujdata bus. 


WU Writ© Inteiface signals 


sfu.dlu.wreq 


1 


Out 


SFU requests DRAM write. A write request must be accom- 
panied by a VHDd write address together with valid write data 
and a write valid. 


8fu_dfu_wadr(21:5I 


17 


Out 


Write address to DIU 

17 bits wide (256-bft aligned wonj). 


dtu.sfu.wack 


1 


In 


Acknowledge from DIU that write request has been 
accepted and new write address can be placed on 
sfu^diu_wadr. 


sfu.diu.datal63:0] 


"64 


Out 


Data from SFU to DIU. 
Rrsi 64-blts are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127:64 of 256 bit word. 
Third 64-bits are bits 191:126 of 256 bit word. 
Fourth 64-bits are bits 255:1 92 of 256 bit wonJ. 


sfu^diu.wvalid 


1 


Out 


Signal from PEP Unit indicating that data on s/ii dfu data la 
vatkJ. *" " 


pcu Interface data and control signals ' 


pcu_addrI5:2] 


4 


In 


PCU address bus. Only 4 bits are required to decode the 
address space for this block 


pcu_dataout(31:OJ 


32 


In 


Shared write data bus from the PCU 


sfu jxu^datainfSI :0] 


32 


Out 


Read data bus from the SFU to the PCU 


pcu.fwvn 


1 


In 


Common read/not-write signal from the PCU 


pcu.sfu.sel 


1 


In 


Block select from the PCU. When pct/_s/t/.se/ls high both 
pcu addrandpcu^dataoutare^wa 



Page 332 




SoPEC : Hardware Design 



Table 114. SFU Port List 







1^ 


WM 




LBO Interface Data and Control £ 


Ifgnals 


wut 


Ready signal to the PCU. When sfu,j}cu^idy\B high tt Indi- 
cates the last cycle of the access. i=df a write cyde this 
means pcu_dataouthas been registered by the block and 
for a read cyde this means the data on sfu _pcu datain is 
valid. M-p«-«_«a«fOTis 


sfu_fbd_rdy 

lbd_sfu_adv«ne 
lbd_sfu_piadvwofd 
sfu Jdb _pldata(1 5:0] 


1 

1 
1 

16 


Out 

In 
In 

Out 


Signal indication that SFU has previous fine data avarlable 
and is ready io be written to. 

Une advance sIgnaJ for both next and previous lines. 
Advance word signal for previous line buffer. 
Data from the previous line buffer. 


lbd.sfu_wdata(15.-0J '» 

lbd.8fu.wdatavalid 

HCU Interface Data and Contiol S 

hcu_sfu_advdot 

sfu_hcu_sdata 
sfu_hcii_avali 


Ignals 
1 

1 
1 


.n 

In 

tn 

Out 
Out 


Write data for n ext line buffer. 

Wnte data vaDd signal for next line buffer data. 

Signal indicating to the SFU that the HCU is ready to accept 
the next dot of data from SFU. 

Bi-ievei dot data. 

Signal indicating valid bHevel dot data on sfk/ /icu sdaia. 
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25,8.2 Configuration Registers 

Table 115. SFU Conffguratlon Registers 




Contfoi registers 




0x00 



0x04 



Reset 



Go 



0x1 



Setup registefs (coneteot for during processing the pa ge) 

HCUNumDots 



0x0 



A write to this register causes a reset of 
the SFU. 

This register can be read to indicate the 
reset state: 

0 * reset In progress 

1 - reset not In progress 



Writing 1 to this register starts the SFU. 
Wrlting 0 to this register hafts the SFU. 
When Go is deasserted the state- 
machines go to their idle states but ali 
counters and configuration registers keep 
their values. 

When Go is asserted aJJ counters are 
«»set. but configuration registers iceep their 
values (i.e. they don't get reset). 
The SFU must be started before the LBO 
Is started. 

This register can be read to determine if 

the SFU is running 

(1 - running. 0 - stopped). 



OxOC 



0x10 



0x14 



0x18 



OxtC 



0x20 



HCUDRAMWofds 



LBDNumWords 



StartSfuAdf(21:5| 
(256^?it aligned DRAM address) 



EndSftjAdft21:5J 
(25(5-bit aflgned DRAM address) 



XstartCount 



XscaleNum 




16 



12 



17 



17 



0x0000 



0x00 



0x000 



OxOOOO 
0 



0x0000 
0 



Width of HCU nne (in dots). 



Number of 256-bit DRAM words in a HCU 

line. 



Number of 16-b'rt words in an IBD line. 
(LBO line length must be a muitiple of 16 
bits). 



First SFU tocatron in niemory. 



Last SFU location in memory. 



0x00 



0x01 



Value to be loaded at the start of every line 
into the counter used for scaling In the X 
<lirection. Used to control the scaKng of the 
first dot in a line. 

This value will typically equal zero, except 
in the case where a number of dots are 
ciipped on the lead in to a line. 



Numerator of spot data scale factor in X 

direction. 
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Tabfe 115. SFU Configuration Registers 



0x30 



0x36 



Ox3C 



HCUReadUneAdrpt :5] 
(256-bit aligned ORAM address) 




HCUStartReadUneAdr(21 :5] 
(256-bit aligned DRAM address) 



LBDNextUneAdrI21:5J 
gS6-bit aiigned DRAM address) 



LBDPrevUneAdr(21 :5J j 
(256-bit afigned ORAM address) 



17 



17 



17 



Current address pointer In DRAM to HCU 
read data. Read only register. 



Start address In ORAM of line being read 
by HCU buffer In ORAM. Read only regis- 
ter. 



Current address pointer In DRAM to LBD 
write data. Read only register 



Current address pointer In ORAM to LBO 
read data. Read only register 
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25,8.3 SFU sub-block partition 



pcu^n 

PCM.SfU_ 

pou_addrI5:2h 
pcu_dataoui{3i:4 
sfu_pcuj(iata(31 :0)* 
6fu_pcu_n 



LBD 





Lpla<fvworcf 




► 








► 

lbd_nun\.*Mords 

'4^ 



LBD Previous 
Line FIFO 



ptf_dhifreq 



plf.diurack 



^ pMLdhjndata e4 



ptfjfSurvaBd 



I fbd.sfu.edvTme 



Ifbd.num words 



LBD Next 
Line FIFO 



nHLcfiuwraq 



nlf_dkiw(Jata 



nlf^tffuwvalkJ 



HCU 



hcu. sru_a<MJot 





hcu^fidata 1 


4 


f_hcu_avaU 



SFU 



HCU Read 
Une FIFO 



hrf_l)cu.endoffine 



hrf.xadvanco 



hffjdiumdc 



hrf.diurdata 



hrt.diurvaffcl 





8fu_oo (to aa 8ui>*blOGks) 






nco_num^0ots 


■ w 






hciJ_<Irani_wocd3 


^ ¥ 






■)d_num_words 


_ ^ 








► 






start-Sfu.acJf 






*: 


©nd_sfu adr 




PCU 





hcu^readDne^adr 




Interface 


^ hcu.8tartreadnn8_adr T 




Ibd^nextflne^adr <7 j 




< 


ftxJ_provIine_,adj- 


7~ \ 




xstait_oount 


7< 




xscate. 


.num 






xscale. 


.denom ^ 






yscalo. 


.oum §^ 






yscate. 


.denom a 







DFLT 
Interface 

Address 
Generator 
Unit 
(DAG) 



sfu_diu.wreq 

afu.diu.data[63:0] 
f^sfu.dlu.wvaHd 
-diu_»fu_wack 



► 8fujdiu_rreq 

«'fifu_diu_radf(2lS] 

-diu.sfu_daia^3:0] 

-dlu,sfu_fvaird 

-diu.sfu.Fack 



Figure 125. SFU Sub-Block Partition 
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The SFU contains a number of sub-blocks: 







Kuu in terrace 


PCU Interface, configuration and status registers. Also generates the Go 
and the Reset signals for the rest of the SFU 


LBD Previous Une 
FIFO 


Contains FIFO which is read by the LBD previous line Interface. 


LBONextUne RFO 


Contains FIFO which is written by the LBD next Une interface. 


HCU Read Une 
FIFO 


Contains FIFO which Is read by the HCU interface. 


OiU Internee and 
1 Address Generator 


Contains DIU read Interface and DIU write interface. Manages the 
address pointers for the bMevel DRAM buffer. Contains X and Y scaling 
logic. 



25.6.4 



The vanous FIFO sub-blocks have no knowledge of where in DRAM their read or write data is stored, [n 
this sense the FIFO sub-blocks are completely de-coupled from the bi-level DRAM buffer All DRAM 
address management is centralised in the DIU Interface and Address Gener^on sub-block. DRAM access 
IS pre-emptive i.e. ^er a FIFO unit has made an access then as soon as the FIFO has space to read or data 
to wnte a DIU access will be requested immediately. This ensures there are no unnecessaiy stalls intro- 
duced e.g. at the end of an LBD or HCU Une. 

There now follows a description of the SFU sub-blocks. 
PCU Interface Sub-block 

J^t^oi^r j"^?^"^ ^^^^^^^ P^^^^ CPU to access SFU specific legisteis by reading or writing 

to the SFU address space. ^ o e 
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25.8,5 LBDPrevLineFIFO sub-block 



Table 116; LBDPrevLlneFIFO Additional lO I>efiiiitions 




Internal Output 



OIU and Address Generation sub 


1 

-block SJg 


Out 
nals 


Signal indicating LBDPrBvLlneFIFO is ready Id be read 
from. Until the first axS_^sfu_a<Mmefof a band has been 
received and after the number of aMLs/E/_p/!a<Mw/c/ strobes 
received for a l{ne is equal to LBDNumVyb/ds, ptf nfyls 
always asserted. During the second and subsequent fines 
plLrxfyis deasserted whenever the LBDPrwUneFlFOis 
empty. 


pifjdiurreq 


1 


Out 


Signal Indicating the LBOPrgvUneFtFO has 256-bits of data 
free. 


ptfjKiurack 


1 


In 


Adoiowledge that read request has been accepted and 
plLKBuneq should be de-asserted. 


plf.dJurdata 


1 


(n 


Data from the DIU to LBDPrevUneF/FO, 
Rrst 64.blts are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127:64 of 256 bit word. 
Third 64-brts are bits 191:128 of 256 bit word. 
Fourth 64-bits Is are 255:1 92 of 256 bit word. 


pILdium^Kf 
plff.dHiidl6 


1 

1 


In 

Out 


Signal Indicating data on pfLdtutdata is vafid. 

Signal indicating DIU state-maohine is in the IDLE state. 



25.8.5,1 Generai Description 

aTI^^^J^^^ sub-block comprises a double 2S6^]x buffer between the LBD and the DIU Inter- 
face and Addr^ Generator sub^block. The FIFO is implemented as 8 times 64-bit words The FIFO L 
wnttenbytheDIUInterfaceandAddressGeneratorsub-block^^ 
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fbd_sfu.advlina 
(bd^num.words 12 



ZERO 



FIFO control 
logic 



pH.dlurack 



^ pW_dhifvalld 



Figure 126* LBDPrevUneFifo Sub-block 
^5^1 S^Sr^w FIFO will 256^>i« of d«. f™„ u„ DIU iBerito 




plt.diurdata(63:0] [ 



i t I 2 I 3 I 



Figure 127. TJmIng of signals on the LBOPrevLineFIFO interface to DIU and Address Generator 
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feS8t-=Q 



diuJdfe = 1 



256-bitBfreft fn FIFO 



^ Request ^ drurreq = 1 , druldle =0 

^ Ack diurreq = 0 

^ drur vat!A===-f 

^ DataO ^ 



diurvalMa=g-y 



^ Datal ^ 



diurvalid==^ 



^ Data2 



diufvalrd=^ 



^ Data3 ^ 

Figure 128. Timing of signals on LBDPrevUneFIFO interface to DfU and Address Generator 

^^tT^^^"^ LBD tells the LBDPreyLineFIFO to supply the next iSt w^Jl Tlie FrFO 
control Jogic genemtes a signal W^efccr wWch selects the next le-bits of the 64-bit FIFO word to oirt- 

Ibd^^ladvword wUl cause the next word to be popped from the FIFO. 

^^^^ Ime data is not supplied until after the first Ibd^^advline strobe from the LBD after sfu^o is 

tdT^.^^"^L::: ^"PP'-^^^-^)- U-til the first Ibd^Ju^ad^line strobe after .^I^^ 
loa^Ju^piadyword strobes are ignored. J**^^ 

JSif^^3li*'!r^v°''*™' ^ '^^'P^^ord_count[ll:0]. to counts the number of 

^-^-^J^ a"^^ '"'"T^ /'/'«'vv«>-<'-co«nr counter is reset to 0 by 

LB^u'^JlZ ^^'^-^■^-P'^ord strobes received is equal to 

1m ^'^fH^^^"'? generates a signal plf_niy to indicate that it has data available. UntU the first 
iba_fju_advltne for a band has been received and after the number of Ibdjjunladvword strobes received 
for a Lne ^ equal to LBDNu^mrds, plf^rdy is always asserted. Duxing^iS^ond a^TsScq^^S 
pUirdy IS deasserted whenever the LBDPrevUneFIFO is empty 

fT?/^^***'- T'*^ t '""^ ^^'^ P^'^'^^g ^l^ch not be output to 

me LBD. This «s because lbd_num_words may not fit exactly into a 256.bit DRAM word. When the count 

!L?^w^^ ? i^r^-S^'''^ "^"^ ^"^^^ * « *° /W_'.«i«_ivon& the LBDPrey- 
LmeFIFO must adjust the FIFO read address to point to the next 256-bit word boundary in the FIFO This 
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Z^oT^^S '^"tSbk'ZS.'tl*''^""* '^a,_a^P:OJ, will „quixe 3 bits to address 8 loca- 
setting alitor bl^ toT "^"^ "^'^'^ '"^^S the MSB of the read.adr and 



if (pladvword_count 
read_adrtl:OJ e bOO 
rea<;L,adr[2 3 = -rea<|_«dr (2J 



lbd_num_words) then 



25.8,6 LBDNextLineFIFO sub-block 



LBDNextUneFtFO Inteiface Sianals * 










nlf_rdy 

DIU and Address Generation sufe 


t 1 Out 


1 f'^^'"^'^**'^^^'V«^'wF/FOl8readytobew^ento 
] ( e. there is space In the FIFO. 


nJt_diuwreq 


1 


Out 


Signal indicating the LBDNextLheFIFO 2S6^)its of data 
for wrftino to the DIU, 


nlf.diiiwack 


1 


In 


Acknowledge from DIU that wrfte request has been 
accepted and write data can be output on ntf diuwdata 
together with nlf_<aiuwvaVfd. 


nft_diuwdata 
nifjdiuwvalid 


1 

1 


Out 
In 


Data from LBDNextUneRFOxo DIU Interface 
Rrst 64-blt8 \s bits 63:0 of 256 bit woni 
Second 64-blts is bits 127:64 of 256 bit word 
Third 64-bits Is bits 191 :128 of 256 bit word 
Fourth 64«b{t3 is bits 255:1 92 of 256 bit word 
Signal indicating that data on wtf diuwdata is vatid 



25.8.6,1 General Description 
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lbdLsfu.wvalid 



'bd_sfu_ac»^«ne 
<bcl_puin_wofds ^2 



nlf_rdy 




Figure 129, LBDNextLlneFifo Sub-block 
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resetz=g 



Idle J 



2S6-bfta m FlPO 



^ Request ^ diuwreg 1 
^ Ack ^ diiiwreqaO 



^ DataO ^ 



diuwvalklsl 



^ Datal ^ (fiuwvalicbi 



^ Data2 ^ 



^ Dataa ^ 



dluwvalid^l 



<fiuwvalids1 



Figure 131. LBDNextUneFIFO DIU litteiface State Diagram 

^JfTl^'^-^i^'^'''^^^ ^^^^^^eFJFO has space for writing by the LBD. The LBD 

vmx^ 16-bit wide data supplied on lbd__sJu_^afI5:0J. Ibd^sfu wvalid indices that Je data is ^liA 
The data is coUected to make up a 64<bit word before being w^Ttten'to the FIFO 

Tlie LBDNextUneFIFO control logic counts the number of Ibd^Ju^wvalid signals. The Ibdsfu wvalid 



25.8.7 sfu_lbd_rdy Generation 



2!jSz&/Fa'*' ^ ^'""^'"^ ^^^^ "''^-'^ ^^"^ ^Z>/>revLmeF/FO and nl/^niy from the 

^^^^^^ '-^^ ^P-^ available in the 

tZf ^ ?' ^ Ibdjsfu^advline and before the number of Ibd^Junladvword strobes 

u ZtVZ::^"! '°r5^i"' ^A^WZ>.r^ indicates that the SFU is av^f^^ f^^^^^Sg 

Le. Aere is data m the LBDPrevLineFIFO. and writing. Thereafter it indicates the SFU is avail^S 
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25.8.8 LBD-SFU Interfaces Timing Waveform Descriptton 

the data read from the SFU^rv^SSTi^ '^^'S^ ^ ^^^^.^^ 

The main points to note from Figure 132 are- 

' S^J^l'.SSS ^ °^*' 'fir""' ""l >W» SFU c» 
n»!>llo»1 2 16 bit FIFO toeamns sgjiii Hit L8D <la«is IMS m«1 «„ dock cvd. a li «^ 



Scenario I : 



^tr"'i-"^2^^ f " ^« sti" 1 piece of data in the FIFO If th«» i« , 

ttrf-^/5/.^faAWp„lseinthenextcycleftedatavdlIappci«^ " * 

Scenario 2- 



sjujhd_rdy will go low when there is still 1 piece of data in the FIFO /i.^ ^ , ^ 

sfiiJbd_pldata[15:0J. ^ will assert again, and so the data will ^pearon 

Scenario 3: 
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Write frQmrRntn^F^^ 




Read from SFU to LrBD 




Figuro 132. Signal waveforms between LBD and SFU 
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25.8.9 HCUReadLineFIFO sub-biock 



Table 116. HCUReadUneFIFO Add rtlonal lO Definition 



DIU and Address Generation sub^bloclc Signals 



hrf_xadvance 



hrLhcuendofline 



hrL<fiurreq 



hrf_<fjurack 



hif.diurdata 



hfLdturva lid 
hrf.dluicfle 



In 



Out 



Out 



tn 



In 



In 



Out 



Signal from horizontal scaling unit 
1 - supply the next dot 
1 - supply the current dot 



Signal lasting 1 cyde Indicating then end of the HCU read 
One. 



Signal indteating the HCUReadUneFfFOhas space tor 256- 
bits of DIU data. 



Acknowledge that read request has been accepted and 
hrCdiurroq should be de-asserted. 



Data from HCUHeadUneFlFO to DIU. 
First 64-bits are bits 03:0 of 256 bit word. 
Second 64-bits are bits 127:64 of 256 bit word. 
Third 64'bits are bits 191 :1 28 of 256 bit vwjrd. 
Fourth 64-blts are bits 255:1 92 of 256 bit word. 



Signal indicating data on plf_,tSiuniata Is valid. 



Signal Indicating DIU state-^nachine is in the IDLE state. 



2S,8,9.i General Deseription 

Th^ HCUReadUneFIFO sub-block comprises a double 256-bit buffer between the HCU and the DIU 
Interface and Address Generator sub-block. The FIFO is implemented as 8 times 64-bit words. The HFO 
IS wntten by the DIU Interface and Address Generator sub-block and read by the HCU 




hrfjdhmjata 



hrf_dfurvaBd 



Figure 133. HCUReadUneFifo Sub-block 
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The DIU Interface and Address Generation (DAG) sub-block interface of the HCUReadLineFIFO is iden- 
tical to the LBDPrevLineFIFO DIU interface. 

Whenever 4 locations in the FIFO are free the FIFO will request 256-bits of data from the DAG sub-block 
by asserting hrfjdiurreq. A signal hff_diurack'mdic9ies that the request has been accepted and hrf^diurreq 
should be de-asserted. 

The data is written to the FIFO as 64-bits on hrf_diurdata[63:0] over 4 clock cycles. The signal 
hrf^diurvalid indicates that the data returned on hrf_diurdata[63:0] is valid, hrfjiiurvalid is used to gen- 
crate the FIFO write enable, wnre_e/t, and to increment the FIFO write address, write_adr[2:0]. If the 
HCUReadLineFIFO still has 256-bit5 free then hffjdiurreq should be asserted again. 

The HCUReadLineFIFO generates a signal sfu^hcu^avail to indicate tfiat it has data available for the 
HCU. The HCU reads single-bit data supplied on sfiijtcu^daka. The FIFO control logic generates a sig- 
nal bit_fielect which selects the next bit of the 64-bit FIFO word to output on s/ujicu_sdata. The signal 
hcu_;sJu_<idvdot tells ttie HCUReadLineFIFO to supply the next dot {hrfjicadvance « 1) or the current dot 
{hrf^pcadvance 0) on sjujicu^sdata according to the hrf_^dvance signal from the scaling control unit in 
the DAG sub-block. The HCU should not generate the hcu _jsJu^advdot signal until sfii_heu_eivaii is true. 
The HCU can therefore stall waiting for the sjujtcu_avail signal. 

When the entire current 64-bit FIFO word has been read by the HCU hcu_sJu_advdot will cause the next 
word to be popped from the FIFO. 

The last 256-bit word for a line read from DRAM and written into the HCUReadLineFIFO can contain 
dots or extra padding which should not be output to the HCU. A counter in the HCUReadLineFIFO, 
hcuadvdot_count[lS:OJ, counts the number of hcujsfu^advdot strobes received from the HCU. When the 
count equals hcu^num^dots[I5:0] the HCUReadLineFIFO must adjust the FIFO read address to point to 
the next 256-bit word boundary in the FIFO. This can be achieved by considering the FIFO read address* 
read_adr[2:0], will require 3 bits to address 8 locations of 64-bits. The next 256-bit aligned address is cal- 
culated by inverting the MSB of the read.adr and setting all other bits to 0. 

If Ihcuadvdot.count -» hcujiunudots) then 



The DIU Interface and Address Generator sub-block scaling unit also needs to know when 
hcuadvdot_count equals hcu^num^dots. This condition is exported from the HCUReadLineFIFO as the 
signal hrfjicuendofline. When the hrfjicuendojline is asserted the scaling unit will decide based on verti- 
cal scaling whether to go back to the start of the current line or go onto the next line. 



The SFU must output 1 bit/cycle to the HCU, Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pro- 
vide 1 bit/cycle to the HCU. This.could lead to a stall by the SFU. This stall could then propagate if the 
margins being used by the HCU are not sufficient to hide it The maximiun stall can be estimated by the 
calculation: DRAM service period - X scale fector ♦ dots used from last DRAM read for HCU line. 



read_adr(l:0] s bOO 
read^adr(2] = -rea<|_adr [2] 



25.8.9.2 DRAM Access Umitation 
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25.8.10 DIU Interface and Address Generator Sub*b]ock 



J^!!^!l.^'" Interface and Address Generator Additional lO Description 







Internal LBDPrevUneFIFO Inputs ' -^ti— TT^^xsag 


piLdiun^eq 




In 


Signal indicating the LBDPrevUneFlFOhas 256-bfts of data 
free. 


piLcfiurack 




Out 


Acknowledge that read request has been accepted and 
pif^dfurreq should be de-asserted. 


plf.diuniata 




Out 


Data from the DIU to LBOPrnvUneFIFO. 
First 644>Hs are bits 63K) of 256 bit word 
Second 64-brts are Wts 1 27:64 of 256 bit word 
Third 64-bits are bits 191:128 of 256 bit word 
Fourth 64-biis are bits 255:1 92 of 256 bit woid 


ptf.diunvaOd 




Out 


Sicpial indicating data on plLdiuntata is valtd. 


plf.diuMIe 




rn 


Signal Indicating DIU state-machine is in the IDLE stata. 


Internal LBDNeactLlneRFO Inputs " — — ■ 


nif.diuwreq 




rn 


Signal indicating (he LBONexlLineFiFOha& 256-bits of data 
for writing to the DIU. 


nlf.diuwadc 




Out 


Acknowledge from DIU ttiat write request has been 
accepted and write data can be output on ntf_d'tWMdata 
together with ntf_jdiuwyalki. 


nifjdiuwdata 




In 


Data from LBDNextUneRFO to DIU Internee. 
Brst 64-bits are bits 63:0 of 256 bit word 
Second 64-bits are bits 127:64 of 256 bit word 
Third 64-bits are bits 191:128 of 256 bit word 
Fourth 64-bits are bits 255:1 92 of 256 bit word 


nlfjcHuvwaSd 




(n 


Signal indk»ting that data on wHLditmdata is valid. 


Internal HCUReadUneFIFO Inputs ' — — 


h rf^hcuendo fline 




fn 


Signal lasting 1 cyde indicating then end of the HCU read 
line. 


hiOcadvance 




Out 


Signal from horizontal scaling unit 
1 • supply the next dot 
1 ' supply the current dot 


hrf^dluneq 




in 


Signal indicating the HCUReadUneFiFO has space fbr 256- 
bits of DIU data. 


hff_diunack 




Out 


Adcnowledge tfiat read request has been accepted and 
hrfjiiurmq should be de-asserted. 


hffjdtuidata 




Out 


Data from HCUReaOUneFIFOlo DIU. 
First 64-bits are bits 63.0 of 256 bit word 
Second 64-brt8 are bits 1 27:64 of 256 bit word 
Third 64-bits are bits 1 91 :1 26 of 256 bit word 
Fourth 64'bits are bits 255:192 of 256 bit word 


hrf^djurvaNd 




Out 


Signal trtdicating data on p/A diurxiata is valid 


hrf.cfiuidle 




In 


Signal indicating DIU state-machine is in the IDLE state. 
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25,6,10.1 Generaf Description 

U^FtFO and LBDPr^UneFIFO^ ««1 a DIU Read Inttdto jhand beMeen tbc WCOTW- 



25.8.10.2 DIU Write Interface 

The LBDNextLineFIFO 



exc^t for' 



nW_dlu wreq 
nftjBdrvalid, 



& 



write^req 



^ nlL.diuwacfc 



ntf.diuwdata 
nILdiuwvalld 



64 



DIU 



S(u_diu_wieq 
— dtu.sfu.wacfc 



sftj_diuLdatat83:0) 
► sfu_dlu,wva!ld 



Figure 134. DIU Write Interfece 



25.8. 10.3 DIU Read Interface 



the NbuR^r^^oTl^iZ^;::^!?^ acknowledge and read daia to either 
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selecLhffptf 




ptLdlurdata ^ 



pICdIurvalld ^ 
MLdturvaOd <4 



diu.idie 



<fiu.sfu_;ack 



dlu.jsfu_data(63:0} 



dIuLsfu.fvaffd 



Figure 135, DIU Read Interface multiplexing by select_hrfptf 
cleared when the DIU acImwledKes the Mane^nn^ r 1 ^jr.V^^'"^^^^^- "fi'-diM-rreq is 



hrLadrvaUd 



pfLdiuwreq 



ptLadrvand. 



& 



& 



c<iu_sfu_facJc , 
dlu.idle 



Read Request 
Arbitration Logic 



2 

histoiy 
> 



busy 
> 



select_hrfplf 
-^sfu.diu_iTeq 



Figure 136. DIU read request arbitration logic 
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The DIU read requests from the HCUReadLineFIFO and LBDPrevLineFlFO wUl be negated if their 
ensure that no erroneous requests occur on jyi<_</iu_rre^. 

If the HCUReadLineFIFO and LBDPrevLineFIFO request simultaneously, then if the request is not fol- 

SnLil.^ / i u*^ are back to back requests to the DIU read port then the aibitration logic 
mptenents a round-robu. shanng of read accesses between the HCUReadLineFIFO and LBDPrevule- 

A pseudo-code description of die DIU read aibitration is given below. 

// in!'L'rii:.°o„'rrI^:r' •^'^ ^ HC«Re.dLi„eFIPO. plf is ^O^r.^,n.^^^o 

select_hrfpl£ = 0 // default choose hr.f . 

history = none // no Dru read access ianediately preceding 

Tf'nT,",'"''''."* " '^^^ between aseertinj, 3£v^dlvL.rr^ and di«_ldle . i 
if Idi'idlT'/rr^hr ''^"-"«'=»'^- — then d-a»aert husy 

busy K 0 

//if acknowledge received from Did than de-assert Diu request 
If (diu_sfu_rack -« ij then 

//de-assert request in response to acknowledge 

sfu_diu_rreq = 0 

// if not busy then arbitrate between incoming requests 
// If request detected then assert busy 
if (busy c= 0) then 

//if there is no request 

if (hrf_diurreq == 0) AND (plf^diurreq == 0) then 

sfu_diu_rreq a 0 

history « none 
// else there is a request 
else ( 

// assert busy and request Diu read access 
busy t> 1 
sfu_diu_rreq « 1 

// arbitrate in round-robin fashion between the requestors 

i 1 I HCUReadLineFIFO requesting choose HCUReadLineFIFO 
If (hrf^diurreq 1) AND (plf^diurreq »= 0) then 

history = hrf 

select^nrfplf « o 

^'i I^DPrevLineFIFO requesting choose LBDPrevLineFIFO 

If (hrf_diurreq =a 0) AND (plf.diurreq == l) then 

history = plf 

select_hrfplf = i 

ii^^.y^y" HCUReadLineFIFO and LBDPrevLineFIFO requesting 
if (hrf_diurreq == i) AND (plf_diurreq 1) then 

// no immediately preceding request choose HCUReadLineFIFO 
If (history »= none) then 
history » hrf 
select_hrfplf « 0 

// if previous winner was HCUReadLineFIFO choose LBDPrevLineFIFO 
elsif (history hrf) then 

history « plf 

select_hrfplf » 1 

//if previous winner was LBDPrevLineFIFO choose HCUReadLineFIFO 
elsif (history == plf) then 
history = hrf 
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select_hrfplf = o 
// end there is a recjuest 



25. e. 10.4 Address Generation Logic 

The DIU interface generates the DRAM addresses of data ^^ad and written by the SFU^s FIFOs 



8fu_go 



17^ start_sfu_adf 



-7^ 



yty encf_8fti,adf 



8^ hcu_drain_%words 



hrf_(fiuracJc 



Address Generator 



ntf_diuwack 



fad-gftf_a<Mine 



17^ sfti-dhi.fadf|21:S) 



17, 



gfu>diu,wadff2l:5| 



17^ hcu,feadline_ad r 

hcu.6tartrea<l!ine_adr ^ 



17, t)d_nextline.adr 



17^ tod-,pfqvgne_adr 



hff,adfvarid 



htf_start.adTvalld 



nlLadrvafid 



plf.adrvBlid 



Figure 137, Address Generation 

generator is configured with the number of DRAM words to read in a HCU line 

Address Generation 

There are four address pointers used to manage the bi-level DRAM buffer 

a- hcu_readline_adr[21:5] is the read address in DRAM for the HCUReadLineFIFO 

c. lbd_nextline__adrpl:5] is the write address in DRAM for the LBDNextLineFIFO. 

d. lbdj,revline_adr[21.5J is the read address in DRAM for the LBDPrevLineFIFO. 
The cuirent value of these address pointeis are readable by the CPU. 

Four coiresponding address valid flags are required to indicate whether the address pointers are valid: 

a. hlfjadrvalid, 

hlfj5tart_adrvalid 
c nlfjjdrvalid, 
d. plfjadrvalid. 
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DRAM ,e,„«s tm, the FIFOs will not b. to the DIU u,.il the a„,„p™,„ ^d«» a,, 
Rules for address pointers 

The address pointers must obey certain rules which indicate whether they are valid- 
J^-'!!?^-^'?/ '^^ ""^y ea^»"^^ i° the line than 

">d_nextbne_ftdr[21:5] l''hcuj5tartreadline_fldr[21:5J. "oarvatia 
Il!f ^^^"^f^^fO must be writing carUer in the line than LBDPnsyLineFIFO is reading 

tbd_nextbne_adr[2l:5J /= lbd^revUne_adr[21:5] AND hcuj^tartreadlinT.valid 
d.The LBDPr^LineFIFO can read right up to the address that LBDNextLineFIFO is writing / * 

plCadrvalui > lbd_prevline_adr(21:5J /= lbd_nextline_adr[21:5] ^ 
•.At Startup i e. when ^rt,_^o is asserted, the pointers are reset to jfort «d^/2/ 51 The first 

.'^.^"^l^S^alS^"^^^ 
f. The address pointers can wrap around the SFU bi-Icvel stoi« area in DRAM. 
X scaling of data for HCUReadLineFIFO 

should supply the current dot hrf_^ance « 0 the HCUReadLineFIFO 



8^ xstaruoount 
y*— ^ 






B , xscale^num 

Jtscale^denom ^ 
^ — % 


X Scaling Control 
Unit 


" — ► 




hcu«8fu_adwtlot 


' » 



Figure 138. X scaling control unit 
b^kS^h^r «»-iM«g« scaling is d«crib«l i. th. ps«,d«o<le b.low. Note. , w should 

"~- ^ «'«""'^ ^""-^^ 

if (hcu_sfu_dotadv == i) then 

if (x^scale_count * x_8c«le_denon. - >e8cale_nun. >- 0) then 

else 

X^scale^counc = x„scale_count + x.scale denom 
hrf_xadvance » 0 

else 
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x^scale_count x^scale^count 
hrf^xadvance = 0 



Y scaling of data for HCURcadLineFIFO 

if <hrf_hcu_endofline == i) then 

y'':lltY''T " y-"'^*^^-^^^^^ - y.scale.num >= o) then 
y^scale_count = y_scale_count ♦ v scale f 

else 
else 

y^Bcale^count = y_acale_count 
'irf.yadvance = 0 



-4^ 


yscala_num 
yscafe.denom 


¥ 




. MLyadvanoe 




hrf-hou.andoiSne 


— ► 


Y Scaling Control 
Unit 




► 


-9 









1) Chen ( 



FIguro 139. Y scaling eontiol unft 

//advance to .tart of next HCU line in dram 
hcu_otartreadline adr - hcu fitar^^«-J^V^ ^ 

//allow for -ddre«^ap^ro;^d '""-"'^ * hcu_dra=uworda 

If (offset >. 0) then ~ 
^ hcu_.tartreadlino.adr - »tart_sfu_adr * offset 
hcu readline_adr » hcu_Btartreadline adr 

hcu_readline_adr . hcu_.ta'rt^dl'i:e:r^'"~ " 



Figure 140 shows an overview of X and Y scaling for HCU data. 
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ORAM 



start of next hcu line in DRAM a 

ftcu startreadllne_adr ♦ hcu_draffi.wQrds 



When DRAM reads tor JTne 
are complete advance to next 
ineor return to start oJ cunem flna 
Rec ording to Y-scaPno ^ ^ 




hcti.stu^advdol 



fifu_hcu_sdata 

r 

HCUReadL X neFlFO 



Figure 140. Overview of X and Y scaling at HCU Interface 
Address generator pseudo-code: 
Initialization: 

if (sfu^go rising edge) then 

//set flag to allow first write 
init = 1 

el«lf (plf_«drvaHd == i, then 

//reset flag allowing first write 
1-nit 0 

Address valid signals: 

nlf_adrvalik = init OR??^^ - r?f^ hcu_fltartreadline_adr 

PX.--ervali. . l^r^l^'it^rr^i:i!n^:LL^-""--'"' ^ Hrf_start.arvalia, 
Address pointer updating: 

/ / LBDNex t LineP IFO 

//If end of SFU address range 

If abd_n6xtline,adr end^sfu^adr) then 

//go to start of SFU address range 

l£)d.nextline^adr = start^sfu adr 
else 

//increment address pointer 
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Ibd^nextline^adr a lbd^nGxtlinG_adr * l 
// LBDPrevLineFIPO 

lbd_prevline_adr = start_sfu adr 
else 

lbdj)revHne_adr = Ibd^revline^adr * i 
// HCUReadLinePXFO 

acknowledge and HCUReadLinoFIFX) address is valid 

offset - hcu_startreadline_adr - encf^sfu adr 
if (offset >s 0) then 

^ hcu_startreadline.adr = start.sfu^adr * offset 
hcu readline^adr • hcu.startreadliae.adr 

emf"?Lf'h«? """^ "° ^^--^ — t line 

elsxf (hrf^hcu^endofline =» 1) and (hrf^advance ^- 0) th^n 

hcu^readline,adr = hcu^starcreadlinel^^ ^ 
//if poxntang to end of SFU address apace 
elsxf (hcu.readline,adr « end^sfu_adr) then 

//go to start of SFU address space 

hcu_readline_adr e start sfu adr 
else " 

//increznent address pointer 

hcu_readlxne_adr » hcu^readline.adr ♦ 1 
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26 Tag Encoder (TE) 



26.1 Overview 



to tl« X.JI«ca<». Tlus, Z TE o^^r ^ ^f^»f "tote th. ITU snppons iMegtr scdtog 
quemly seated upBieOOdpL i«solo.m,s Ic» ifau. 1<S00 4>i wbieh can be subse- 



DRAM 
biteri^ce 



tag 
oncoder 



PCU 



tag FIFO 
unit 



halftoner/ 
compositor 



te.finlshedband 



Hsu" Ml. High tevel block dlagr^n o< TE In 
provided on offs.t.^SU So^bf^i^?^"^'"-''?'*'"^"'"''^ 

52 cxcte wilto PEcT. If d^S^I wei » ^l^S? 'ir""' r"""""™' W~xim».„ 
~=^onedo.p.,o^.,^^lLTr^,Sre^r^«^^^t*.^^'^^• 
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26.2 What ARE TAGS? 

2v.n^^fl ' ^ "ifl?""" '""^'^ "^Pe^i^- h^ever. with the 

Sl!^ w ^ ^ "^^^ technology, nearly every item purchased from a shop con- 

tarns a barcode of some descnption on the packaging. From books to CDs, to grocery items, the biSJe 
nZif * TT""' of identifying an object by a product number, ^e «a^ntei^etSonT&e 

fhe^ ol"!!^'' ^^"T °" "^"^^^"^ •^^l^-'S systemsTet user. 2e 

IcL number ranges, while mventoo' in shops must be more univer^lj encoded so that p^. 

aSAZ ''".'^ ~°>P^y <»°n t products fiom another company. Uidversal Prt,duct (Ldes 

ST^rTr^r^""^ " ™^ '"^''^ "^"^ "^•^'^ N^^o"^ ^''-i^"" °f Pood Chains for 
Barcodes themselves have been specified in a hitge number of formats. The older barcode formats contain 

£^"o„^ T """"^^^ "-'^ »«i whittTinrSic^be 

mfonnation ti^ barcodes contains. Often there are two types of lines to form the complete barcode- the 
charact^ (the mformation rtselQ and lines to separ^e blocks for better optical recoiution.^le Z 
mformation may change from barcode to barcode, the lines to separate blocks stays constant. The lines to 
separate blocks can therefore be thought of as part of the constant smrctural components of the Wc^. 
Barcodes are read with specialized reading devices that then pass the extracted data onto the computer for 
further processmg. For example, a point-of-sale scanning device allows die sales assistant to add the 
riT^^ '^'^ on a display device for verifica- 

Ae b^dS"''* ^ scanners, slot readers, and cameras are among the many devices used to 

To help ensure that the data extracted was read correctiy. checksums were introduced as a crude form of 
rfoo^ mc°°; r ^5«>de formats, such as the Aztec 2D barcode developed by Andy Longacre 
m 1995 (US patent number US5591956). but now released to the public domain, use redundancy encSng 
schemes such as Reed-Solomon. Reed Solomon encoding is adequately discussed in [24], (261 and [30] 
The reader advised to refer to these sources for background information. Very often the degree of ledJ- 
dancy encoding is user selectable. s inuui 

More recently there has also been a move from the simple one dimensional barcodes nine based) to two 
dimensional barcodes. Instead of storing the information as a series of lines, where the data can be 
^°l^''u"^* dimension, the information is encoded in two dimensions. Just as with the original 
barcodes, the 2D barcode contains both information and structural components for better optical recoeni- 

n^rr \ "^.^.^^^^^ "^"^^ ^^''^ Response Code), developed by Denso of 4an 
OJS patent number US5726435). Note the barcode ceU is comprised of two areas: a data area (depends oS 
Oie data bemg stored in the barcode), and a constant position detection pattern. The constant position 
detection patten is used by the reader to help locate the ceU itself, then to locate the cell boundaries to 
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S5 



allow the reader to detcraiine the original orientation of the cell (orientation can be detennined by the fact 
that there is no 4th comer pattern). 



21 Diodes wide 




position detection 
pattern 



Figure 142. Example QR Code developed by Dense of Japan 

The number of barcode encoding schemes grows daily. Yet very often the hardware for producing these 
barcodes is specific to the particular barcode format. As printers become more and more embedded there 
IS an increasmg desire for real-time printing of these barcodes. In particular. Netpage enabled appUcations 
require the pnnting of 2D barcodes (or tags) over the page, preferably in infra-red ink The tag encoder in 
SoPEC uses a genenc barcode format encoding scheme which is particularly suited to real-time printing 
Since the barcode encoding format is generic, the same rendering hardware engine can be used to produce 
a wide variety of barcode formats. 

Unfortui^ely the term ''barcode" is interpreted in different ways by different people. Sometimes it refers 
only to the data area component, and does not include the constant position detection pattern. In other 
cases It refers to both data and constant position detection pattern. 

We Aerefore use the term tag to refer to tiie combination of data and any other components (such as posi- 
tion detection pattern, blank space etc. surround) tiiat must be rendered to help hold or locale/read die data, 
A tag therefore contains the following components: 

• data area(s). The data area is the whole reason tiiat die tag exists. The tag data area(s) contains the 
encoded data (optionally redundancy-encoded, periiaps simply checksummed) where the bits of die 
data are placed witfun the data area at locations specified by die tag encoding scheme. 

• constant background patterns, which typicaUy includes a constant position detection pattern. These 
help the tag reader to locate die tag. They include components tiiat are easy to locate and may contain 
onentetion and perspective information in the case of 2D tags. Constant background patterns may also 

, "jclude such patterns as a blank area surrounding the data area or position detection pattern. These 
blank patterns can aid m the decoding of die data by ensuring tiiat tiiere is no interference between taiss 
or data areas. ^ 

In most tag encoding schemes there is at least some constant background pattern, but it is not necessarily 
required by all. For example, if die tag data area is enclosed by a physical space and the reading means 
uses a non-optical location mechanism (e.g. physical alignment of surface to data reader) then a position 
detection pattern is not required. 

Different tag encoding schemes have different sized tags, and have different allocation of physical tag area 
to constant position detection pattern and data area. For example, the QR code has 3 fixed blocks at the 
edges of the tag for position detection pattern (see Figure 142) and a data area in die remainder. By con- 
trast, die Netpage tag structure (see Figures 143 and 144) contains a circular locator component, an orien- 
tation feature, and several data areas. Figure 143(a) shows die Netpage tag constant background pattern in 
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a resolution independent form. Figure 143(b) is the 



areas to the Netpage tag. Figure'^ is'm exa^STf ^ f T*" o^^^ data 





(a) Netpage tag background pattern 



(b) Netpage tag shoMing ifata area 
Figure 143. Netpage tag structufe 




26.2.1 



Rgu« 144. Netpage tag with data rendered at 1600 dpi (^agnffled view) 

Contents of the data area 

The data area contains the data for the tag 
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or?l^^ H r^P*' " ^^2). a Single bit is represented by a daifc module 

^nSLr, J • ""aT '''''^ ""^"^ -""^^^ °' «8ht module depends on the ren- 

demig t«solutton and target reading/scanning resolution. For example, a dark module may be represented 
by a square block of prmted dots (all on for binary 1 . or all off for binary 0). as shown in FigurTfir^ 




21 blocks wfde = 42 dots wide 



position detection 
pattern 



Figure 145. Example of 2x2 dots for each block of QR code 
^lf^^!° *""'n' " ""^y ^ represented in the printed tag by an arbitrary 

tag Itself, for example a giant m«c«,dfar comprised of many printed dots in both 

^fl^ ""^^^ generation of an arbitrary printed shape from each bit 



26^ What do the bits represent? 

J^?^^""^ of bits of data, and the desire to place those bits into a printed tag for subsequent 
SSrr^or rtf,r^"T^« mechanism, the original number of bits can either be plaL directly into 
?4e?don tli^o.^*^*^'^^-"^^'^' ^ of reduncL^y encoding wUl 

^tS^n^hf Jj'^-''" *edata^area of the tag is directly related to the redundancy mechanism 
mploy^ ,n the ««codmg scheme. The idea is generally to place data bits together in 2D so that burst 
«Tors are averaged out over the tag data, thus typically being correctable. For example, all the bits of 
W Zr: "^"^ •'"^ tag data area so to n^JLc being aSStS 

Since the data encoding scheme and shape and size of the tag data area are closely Imked, it is desirable to 

26.2,2,1 Fixed and variable data components 

^^i^lT^l^^ r!f ^ '^^T^^y into fixed and variable components. For example, if 

a tag holds bits of data, some of these bits may be fixed for all tags while some may vary from ^lo^g. 

For example, the Universal product code allows a country code and a company code. Since these bits don't 
^ge from tag to tag, these bits can be defined as fixed, and don't need to be provided t^ the t^g eloJer 
each time, thereby reducmg the bandwidth when producing many tags. « ne lag encoaer 
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:^rb' c^S Uc^^^TSeS i::tZl' "^^--^.^ of Ne.page tags. The page-id 

for each tag. By redu^tog t ^^Z^taT^lt' "if '^'^ 

the ovenill bandwidth caS be * ^"'^^^'^ tog, 

^r;,i?r^ro?t:^Sd^^^^ 

pletety variable. whileXdwaTteg en^d^S « Sppr^f ' ^ 'f*"^ "^^ 

of tag data bits. °««ware tag encoder such as SoPEC's tag encoder may have a maximum number 



26.2.Z2 Redundancy^ncode the tag data within the tag encoder 



26.3 



t"b2a^^ir^:r;i^^ encoder 
to significant savings of bandwi^^rd^^SS "^"^ ™^ 

tive bandwidth and internal sto«t i^qiS^i?^ 

encoded data was read directly ^ ""^^ ^^ -^^ "^^^^ be required if the 

Placement of tags on a page 

The TE places tags on the page in a triangular grid arrangement as shown in Figure 146. 



Portrait orfantatiofi 



dot direction 
► 



Landscape orientation 



0 0 0 



0 0 0 



dot direction 
► 



Une direction 



UhedirectkMn 



® (D 



Figure 146. Placement of tags for portrait & landscape printing 



respond to the same^it^^^enS^ ^S^m iS'^i", °' ^ "^^^ »^ 'do- 
native lines of tags where one ifne «ft.«ciV^ t!' ^"angular placement can be considered as alter- 
of dots is insct?fa'IffS:^t 

ftom the line inter-tag g^ gap is the same in both lines of tag. and is different 

same. ^ swapped, but the placement mechanism is the 
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The general case for pUcement of tags therefore relies on a number of parameters. 



Start Position 



ABTagUne Rosftton 



tag wrthJn 
tag's bounding 
box 



Tag width 
< — ► 



Dotimer-taggap j tag within 
^ tag's bounding 



^ tag within ^ 



Unadlrectton 



Une inter-tag gap 



tagwtthin 
tag's txujnding 
box 



as shown in Figure 147. 
dot direction 



Tag height 



Dot Inter-tag gap 
4 ^ 



tag within 
tag's bounding 



Figure 147. General representation of tag placement 

The parameters are more formaUy described in Table 1 20 >j«t- a 

not registers. ^ *at *cse arc placement parameters and 



Tabte120.Tag placement parameters 




Tag height 



Tag width 



Dot biter-tag gap 



Une inter-tag gap 



Start Position 



Tfte numlw of dot lines In a taa a l?oundino hm 



y^/^^^of^ m a singre line of the tag's bound, 
hg box. The number of dots inlhe tag Itself may vaiy 
d^tlfSi"!!;'*^ «rf«ha lag. but the numberof 
do« In ttie bounding box wni be constant (by definf- 



HTJUTtL " '«>m Iho edge of one tag's bound- 

^J? start of the next tag^ bounding bw^to 
ihe dot direction. « 



The number of dot lines from the edge of one tag% 

s^aeydi:;:^"°^^--'-"°'-'-""<'^« 



St^r.? !lf. «" «»» top teft dot on the page . is an" 
offset In dot & row within the tag or the InterW gap. 



26.4 




minimum 1 



minimum 1 



minimum s 0 



minimum = 0 
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Eiplementations, 
Tabfe 121 « Encoding parameters 



parameters 




I size 



number of dote in each dimension of thg tag 



redundancy encoding for tag data 



size of foced data (unencoded) 



T 



size of redundancy-encoded fixed data 



i of variable data (unencoded) 



of redundancy-encoded variabfe data 
per page width 



2^* dotpatfs or 20.48 inches at 1600 dpi 



typfcai tag size is 2mm x 2mm 
maximum tag size is 384 dots x 384 dots 
before scaling i.e. 6 mm x 6 mm at 1600 dj 



384 dots before scaling 



Reed-Solomon GF(2^) at 5:10 or 7:8 



40 or 56 bits 



120 bits 



120 on 12 bits 



360 or 240 bits 



85 packed 6mm x 6mm tags (384 x 384 
dots) wril fit in 20.48 inches 



26.4.1 



supplied as 1 20 bits of p«-e„coded dam (encoded aSi^)^ Alternatively « can be 

26.4.1. but may itself be aibitrarUy pnwmcoS ^ by the TE as described m Section 

Redundancy encoding 

number of symbols thai can be coirected. ^ ('+«Xx+a )...ixHx^, where t - the 

Of the 15 symbols, there are two possibilities for encoding: 

• RS(15 5). 5 symbols original data (20 bite), and 1 0 redundancy symbols (40 hiu^ th^ i a ,^ a 

(r+«X*+a2)...(*+o«). up to 4 symbols m error. The generator polynomial is gOcJ = 

fS^'J^^l^^°^ of original data, the total amount of original data per tag is 160 bits (40 
Sal foi? ^ '""'"^^ ^^'^ ^ amount of 480 ti^Tn^^J^stTJ^-^ 
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• Each tag contains up to 40 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data; giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 120 bits of variable original data. Therefore 6 codewords are required for the 
variable data, giving a total encoded data size of 360 bits. 

In the second case, with 7 symbols of original data, the total amount of original data per tag is 168 bits (56 
fixed, 1 12 variable). This is redundancy encoded to give a total amount of 360 bits (120 fixed, 240 vari- 
able) as follows: 

• Eadi tag contains up to 56 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data, giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 1 12 bits of variable original data. Therefore 4 codewords are required for the 
variable data, giving a total encoded data size of 240 bits. 

The choice of data to redundancy ratio depends on the application. 

26.5 . Data structures used by tag encoder 

26.5.1 Tag Format Structure 

The Tag Format Structure (TFS) is the template used to render tags, optimized so that the tag can be ren- 
dered in real time. The TFS contains an entry for each dot position within the tag's bounding box. Each 
entxy specifies whether the dot is part of the constant background pattern or part of the tag*s data compo- 
nent (both fixed and variable). 

The TFS is very similar to a bitmap in that it contains one entry for each dot position of the tag*s bounding 
box. The TFS therefore has TagHeight x TagWidth entries, where TagHeight matches the height of the 
bounding box for the tag in the line dimension, and TagWidth matches the width of the bounding box for 
the tag in the dot dimension. A single line of TFS entries for a tag is known as a tag line structure. 

The TFS consists of TagHeight number of tag line structures^ one for each 1600 dpi line in the tag's 
bounding box. Each tag line structure contains three contiguous tables, known as tables A» B, and C. Table 
A contains 384 2-bit entries, one entry for each of the maximum number of dots in a single line of a tag 
(see Table 121). The actual number of entries used should match the size of the botmding box for the tag in 
the dot dimension, but all 3S4 entries must be present^ Table B contains 32 9-bit data addresses that refer 
to (in order of appearance) the data dots present in the particular line. All 32 entries must be present, even 
if fewer are used. Table C contains two 5*bit pointers into table B, and is stored in the 10 low bits of the 
next 32-bit word (the upper 22 bits are unused). The total length of each tag line structure is therefore 34 x 
32<-bit words. Padding (18 x 32-bit words) is inserted after every 7 tag line structures to keep each tag line 



1 . This is done so that it is possible to go from one line within a tag to the next by simply adding 33 in 32-bit based addressing to DRAM. 
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Tag Format Structure 



tag One structure 0 



tag fine structure 1 



tag line structure 2 



I 

s 



tagfinestiucturee 



reserved and unused 
(18x32-bits) 



tag Iftie structure 8 



tag Icne stnxcture n 



\ 



\ 



\ 



\ 



\ 



tag Bne structure 



taUeA 
(384 entries x 2-bns) 
(768 bits) 



tables 
(32 emrtes x g-bits) 
(268 bits) 



(2 entries x 5-b(ts) 
(10 bits) 



reserved and 
unused 
(22 bits) 



Figure 148, Composition of SoPEC's tag fomat structure 

givea in section 26.8.3 on page 



A fiill description of the interpretation and Osage of Tables /L B and C is 
414. 



26.5.1.1 Scaiingatag j 

size of the pmited dots is too small, then the tag can be scaled in one of several ways Either the 
S^L^ .^"^ ''^1'''^ " '^'^ '""^'^ the number JSj^rUie T^ 

S.Y^S'h'^J^'' TFS was 21 X 21 entries, and the scaling were a simple 2 x 2 dots for each of 

J^^JIu r'T of macrodot^ instead of simple scaling. Looking at Figure 149 for a simnle 

oSril' ^^ f ^ *° P^'^* * P'^y^'^'^'y printed form where^ch 

scSLTL^?o3^f r T"^''^ "'t''^ ^''^^ ITS by 7 in each dimension o^utting a 

scaie up on the output of the tag generator output, then we would have 9 sets of 7 x 7 square blocks. 
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S^^rthTi^r" "'''^ "'^^ in the TFS by a 7 . 7 dot definition of a xounded dot. Fig- 
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Figure 149. Simple 3x3 tag structure 
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Figure ISO. 3x3 tag redesigned for 21 x 21 area (not simpre replication) 

Consequently, tiie higher the resolution of theTFS the more printed dots can be printed for each macrvdot 

rodoL r^r^*"' ""T'^^ ' "^^^ ^^^^ --^-^l- ^^-<^TrZ: 

rodot, the more complex the pattern of the macrodot can be. As an example, Figure 144 on naee 360 
shows the Netpage tag strucniie rendered such that the data bits are represented by an average of 8 dots x 
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8 dots (at 1600 dpi), but the actua] shape structure of a dot is not square. This allows the printed Netpage 
tag to be subsequently read at any orientation. 

26.5.2 Raw tag data 

The TE requires a band of unencoded variable tag data if variable data is to be included in the tag bit- 
plane. A band of unencoded variable tag data is a set of contiguous unencoded tag data records, in order of 
encounter top left of printed band ft^om top left to lower right. 

An unencoded tag data record is 128 bits arranged as follows: bits 0-1 1 1 or 0-119 are the bits of raw tag 
data, bit 120 is a flag used by the TE (TaglsPhnted), and the remaining 7 bits are reserved (and should be 
0). Having a record size of 128 bits simplifies the tag data access since the data of two tags fits into a 256- 
bit DRAM word. It also means that the flags can be stored apart from the tag data, thus keeping the raw tag 
data completely imrestricted. If there is an odd number of tags in line then the last DRAM read will con- 
tain a tag in the first 128 bits and padding in the final 128 bits. 

The TiighPHnted flag allows the effective specification of a tag resolution mask over the page. For each 
tag position the TaglsPhnted flag determines whether any of the tag is printed or not. This allows arbitrary 
placement of tags on the page. For example, tags may oiily be printed over particular active areas of a 
page. The TaglsPrinted flag allows only those tags to be printed. TaglsPnnted is a 1 bit flag with values as 
shown in Table 122. 



Table 122. TaglsPrinted values 



MM 




0 


Don't print the tag in this tag posrtion. 

Output 0 for each dot within the tag bounding box. 


1 


Print the tag as specified t>y the various tag structures. 



26.5.3 DRAM storage requirements 

The total DRAM storage required by a single band of raw tag data depends on the number of tags present 
in that band. Each tag requires 128 bits. Consequently if there are AT tags in the band, the size in DRAM is 
/<W bytes. 

The maximum size of a line of tags is 163 x 128 bits. When maximally pa£k:e4 a row of tags contains 163 
tags (see Table 121) and extoids over a minimum of 126 print lines. This equates to 282 KBytes over a 
Letter page. 

The total DRAM storage required by a single TFS is TagHeightH KBytes (including padding). Since the 
likely maximum value for TagHeight is 384 (given that SoPEC restricts TagWidtk to 384), the maximum 
size in DRAM for a TFS is 55 KBytes. 

26.5.4 DRAM access requirements 

The TE has two separate read interfaces to DRAM for raw tag data, TD, and tag format structure, TFS. 
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The memory usage requirements are shown in Table 123. Raw tag data is stored in the compressed page 
store ^ *^ ^ 

Table 123. Memory usage requirements 









oompressea page store 


2048 Kbytes 


Compressed data page store for BMevel, contone and 
raw tag data. 


Tag Format Structure 


55 Kbyte (384 dot Rne tags 
9 1600 dpi) 


55 kB in PEC1 for 384 dot line tags (the benchmark) at 
1600 dpi 

2.5 mm tags (1/1 0th inch) 6 1600 dpi require 160 dot 

lines s 160/384 xS5 or 23 kB 

2.5 mm tags 9 800 dpi require 80/384 x55 « 12 KB 



•n. 'w^T^ . ^ n*"^. ^^u-uii reau rciums z rmies lz5-Dit tags. 

The TD mterface to the DIU will be a 256-bit double buffer. If there is an odd number of tags in line then 

the last DRAM read will contain a tag in the first 128 bits and padding in the final 1 28 bits. 

The TFS interface will also read 256.bits fixjm DRAM at a time. The TFS required for a line is 136 bytes 

A total of 5 times 256-bit DRAM reads is required to read the TFS for a Hne with 192 unused bits m the 

fifth 256-bit word. A 136-byte double-line buffer will be implemented to store the TFS data. 

The TE's DIU bandwidth requirements are summarized in Table 124, 

Table 124. DRAM bandwidth requlrerfients 




TFS 



Read 



Read 



Single 256 bit reads 



Single 256 bit reads^, TFS is 
136 bytes. This means there 
is unused data in the fifth 
256 bit read, A total of 5 
reads is required. 



1.02 



0.083 



1.02 



0.093 



1: Each 2mm tag lasts 126 dot cycles and requires 128 bits. This is a tatc of 256 bits every 252 cycles. 
2: 1 7 X 64 bit reads per line in FECI is 5 x 256 bit reads per line in SoPEC with unused bits in the last 256-bit read. 



26.5.5 Tag sizes 



SoPEC aUows for tags to be between 0 to 384 dots. A typical 2 mm tag requires 126 dots. Short tags do not 
change the mtemal bandwidth or throughput behaviours at alL Tag height is specified so as to allow the 
DRAM storage for raw tag data to be specified. Minimum tag width is a condition imposed by throughput 
limitations, so if the width is too smaD TE cannot consistently produce 2 dots per cycle across several tags 
(also there are raw tag data bandwidth impUcations). Thinner tags still work, they just take lonirer and/or 
need scaling. * 
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26.6 Implementation 



26.6.1 Tag Encoder Architecture 

A block diagram of the TE can be seen below. 



DRAM interface 



"X — y 



tag encoder 
unit 



tagalisense 
lasttlotfntag 
BdvtaQllne 



■I — r 



TFS 
fnteifece 



y'e ylZ y'2 



dotposvaiid 



tagMaxDotpabs— A# 
■ lastdotlntag 



etdRdAdiO 
fltdRdAdrl 9^ 



11 



17 



tag data 
Interfece 



tagfsPrintBd 



brtl 



lastdottntagi 
lotpoMPd 



Logic 



bfti 



bitO 



5D- 




I 



|2^^14 2 (k) bits) 



dtotsjnTaq 



— lastOotlnTagi 
->tdVJaD(l 




I 
J 



"2 



3K2-blt 
Shift register 



2 ' T 

^ 6(10 bite) I 



/ ta.tfii.wdata 



Tag Rtb Unit 



PCU 



Figure 151. TE Block Diagram 

The TE writes lines of bi-lcvel tag plane data to the TFU for later reading by the HCU Tlie TE is resnon 
sib^for merging the encoded tag data with the tag structure (interpreS^from the 5s). y1^^^ 

layer is generated 2 bits at a tune and output to the TFU at this rate. The HCU however only co Jsume^f 
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SI 



The tog encoder consiste of a TFS interface that loads and decodes TFS entries, a tag data interface that 
loads tog raw dato^ encodes it. and provides bit values on request, and a stote macl^e tl gent^ a^pS 

S ^iZtZ . Z'':' ""^ ^ ^ «° DRAM for ^ tog^ 

TD, and tag lonnat structure, TFS. ^ 

It is possible that the raw tog dato interface, the TD. to the DIU could be replaced by a hardware stote 
machine at a later stoge. This would allow flexibility m the generation of togs^upport for ySkTh^ 

^ ^-^^ ^ vTn 



26.6.2 Y>ScaIing output lines 

!k J?"A**rf ''*'!^^'^^^ *l ^^'^ ^ following modifications to the PECl TE axe suggested to 

the Tag Dato Interface. Tag Format Structure Interface and TE Top Level: 

• for Tag Data Interlace: program the configuration registers of Table nS.fir^agUneHeight and tag- 
MaxLme with true value i.e. not multipUed up by the scale factor YScale. Within the Tag Dato interface 
Jeie are two counters, cauntx and county that have a direct bearing on the rawTagDatoAddr genera- 

^^^f^^'^'^ f* *>8S are read from DRAM. It is reset to NumTags[RtdTagSens^] atLrt of 
«ich Ime of togs. co««o^ decremented as each line of togs is completely read from DRAM i.e. cauntx 
- 0. Scaling may be performed by counting the number of times amntx. reaches zero and only decie- 

lilTSrHT J IJ^*^ "^^"^ ^ ^ TagDato Interface to read each 

Ime of tag dato NumTags[RtdTagSenseJ * YScale times. 

* Si S ^ Sto«*««. Interface: The implication of Y-scaling for the TFS is that each Tag Line 
Strucnire is used YScale times. This may be accomplished in eidier of two ways: 

* S." ^^^y^^^T" ^ '^"^ »«°es. This involves gating 
the conttol of TFS buffer flipping with YScale. Because of the way in which this odyT/sLine and 
advTagLine related fimctionality is coded in die PECl TFS this solution is judged to be cm»r-prxme 

* ^^Addr^^^^^*^^ ™* "^^"^ '"^'^^ controlling the activity of currTf- 

iJi^J^iS?;'^.^ ™"f.I?f-^ ^^'^ addresses to the DIU to read each individual Tag Line Stiuc- 
- J;^, 5 z^ess^. This is different from the behav- 

lour m PECl . where one address is given and 1 7 dato-words were letumed by the DIU 
Smce the behaviour of the currTfsAddr must be changed to meet the requirements of the SoPEC 
DIU It mak^ sense to include the Y-Scaling into dus change i.e. a count of the number of com- 
"^ ^^Jtf^ !«*f *° compared to YScale. Only when this count equals YScale can 

curr^JUrfrfr be loaded with the base address of die next Unes Tag Line Structure in DRAM, otiier- 
wise It IS re-loaded with the base address of the cuirent lines Tag Line Structure in DRAM. 

* I'^JV. '^'^ has a counter. LinePos. which is used to count the number of 

completed ouq,ut Imes when m a tog gap or in a line of togs. At the stort (i.e. top-lef^ hand dot-pair) of 
a gap or lag UnePos is loaded with either TagGapLine or TagMaxLine. The value of LineFbs is dewe- 
r^eJ^n rS/e vST " ''"^'^"^ """^ accomplished by gating the decrement of LinePos 
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26.6.3 TE Physical Hierarchy 

Tag Encoder 



Top Level FSM 
+ PCU + Comb 
Logic for Muxing 
etc. 



Tag Data Interfece 



Raw Tag Data 
tntermce 



Reed Sofomon 
Encoder 



2D Decoder 



i^ncoded Tag uata interface 



encoded 
fixed tag 
data 



encoded 
variaUe lag 
data 



Hag i-ormat btructure ( I K5) 



Table A 



Rego/p 



Table C 



Table B 



Rego/p 



Figure 152. TE Hierarchy 
SS^DI? rt'^pf "1"^^' ""^^ '^^ ^^^^ ^o-*^ the Tag Data Inter- 

At the highest level, the TE state machine processes the output lines of a page one line at a time with th^ 

starting position either in an inter-tag gap or in a tae fa SoPPr^^X »1 i " * 

multiple SoPECs printing asingle li^) ^ ^ part of a tag due to 

IliJura'^^krl^fori' Tc^l"" -"^""^ >^ o^^t portion is 

eri5£tt:^!iTs^rrs"L^:^^^ 

of dots, moving through tags and inter-tag gaps according to^pj^^f;::;^ ^« '"^ 
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I 26.6.4 ro Deflnltions 



Tabfe 125. TE Port Ust 









mnoMmwQmmm/fm'Mmmi 


ClocKs and Resets 


pdk 


1 


In 


SoPEC Functional dock. 


prst^n 


1 


In 


Global reset signal. 


Bandstore Signals 


cdu_endofl)andstore[21 :5) 


17 


In 


Address of the end of the current band of data. 
256-bit wonj aligned ORAf^ address. 


odu.8tartofbandstore[21 :5] 


17 


in 


Address of the start of the current band of data. 
256-bit wofd aligned DRAM address. 


te_finishe<lband 


1 


Out 


TE finished band signal to PCU and ICU. 


PCU Interface data and control signals 


pcu.addrt62] 


7 


In 


PCU address bus. 7 bits are required to decode the address apace 
for this block. 


pcu_dataout(31:0| 


32 


In 


Shared write data bus from the PCU. 


te.jx:u_daialn[31 .-0) 


32 


Out 


Read data bus from the TE to the PCU. 


pcu.rwn 


1 


In 


Common read/not-write signal from the PCU. 


pcu^te.sel 


1 


In 


Block select from the PCU. When pcu_ta_seli& high both 
pcu^aOdrand pcu_cfataout are valid. 


te_pcu_rdy 


1 


Out 


Ready signal to the PCU. When t&,j)cu_nty Is high it indicates the 
last cyde of the access. For a write cyde this means pcu^dataout 
has been registered by the block and for a read cyde this means 
the data on te^pcujdatain is valid. 


TD (raw Tag Data) OIU Read Interface signals 


td_jdlu^rreq 


1 


Out 


TD requests DRAM read. A read request must t>e aooon^anled by 
a valid read address. 


ttijdiu^radr[21:5] 


17 


Out 


TD read address to OIU. 

17 bHs wide (258-bft aligned word). 


dhj.td_rBdc 


1 


In 


Acknowledge from OIU that TD read request has been accepted 
and new read address can be placed on fe tfv mxSr. 


diu.data[63:0) 


64 


In 


Data from DiU to TE. 
First 64-bit8 are bits 63:0 of 256 bit word; 
Second 64-btts are bits 127:64 of 256 bit word; 
Third 64-bits are bits 1 91 :1 28 of 256 bit word; 
Fourth 64-btts are bits 255:1 92 of 256 bit word. 


diu.td^rvalid 


1 


In 


Signal from OIU telling TD that valid read data is on the tSiu^data 
bus, ~ 


TFS (Tag Format Structure) DIU Read Interface signals 


tfs_diu_rreq 


1 


Out 


TFS requests DRAM read. A read request must be accompanied 
by a valid read address. 


tfe_diu_fadr(21:5] 


17 


Out 


TFS Read address to DIU 

1 7 bits wide (256<bft aligned word). 


diu.tfs_rack 


1 


In 


Acknowledge from DIU tfiat TFS read request has been accepted 
arKi new read address can be placed on tfy^diu_radr. 
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Table 125. TE Port List 









diij_data(63:0} 


64 


In 


Data from DIU to TE. ' 
First 64-bit3 are bits 63.-0 of 256 bit word; 
Second 64-bits are bits 1 27:64 of 2S6 bit word; 
Third 64-bits are bits 191:128 of 256 bit word; 
Fourth 64-bits are bits 255:192 of 256 bit word. 


diu_tfs_rvand 


1 


In 


Signal from DIU telling TFS that vaDd read data is on the diu data 
bus. 


TFU Interface data and cont 


rol signals " ^ 


tfu_te_oktowrite 


1 


In 


Ready signaJ indicating TFU has space available and Is ready to be 
written to. Also asserted from the point that the TFU has redeved 
its expected number of bytes for a line until the next 
te^tfu wradvUne 


te_tfu_wdataI7:0J 


8 


Out 


Write data for TFU. 


fe.tfu_wdatavalid 


1 


Out 


Write data valid signal. This signal remains high whenever there is 
valid output data on te tfu ¥/datB 


te_tfti«wradvfine 


1 


Out 


Advance line signal strobed when the last byte in a One is placed 
on i^t^wdata 



26.6.5 Configuration Registers 



The configurahon registers in the TE are piogiammed via the PCU interface.Refcr to section 21.8.2 on 
: descnpdoa of the protocol and timing diagrams for reading and writing registers in the 

TE-Note that suice addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
TE S',,^'. ' « -'I'^'ess bus arc not required to decoi the address sp^ for £ 

1 b. table 126 lists the configuration registers in the TE. 

Regfaters which addr^s DRAM are 64-bit DRAM word aligned as this is the case for the FECI TE. 
SoPEC assumes a 256-b.t DRAM word size. If the TE can be easily modified then the DRAM word 
a^smg should be modified to 256-bit word aligned addressing. Otherwise, software should program 
these the 64-bit word aligned addresses on a 256-bit DRAM word boundary.. 



Table 126. TE Configuration Reglsteis 























0x00 


Reset 


1 


1 


A write to this register causes a reset of the TE. 
This register can be read to indicate the reset state: 

0 - reset in progress 

1 * reset not in progress 




0x04 


Go 


1 


0 


Writing 1 to this register starts the TE. Writing 0 to this 
register halts the TE. 

When Go Is deasserted the state-machines go to their 
idle states but afl oountora and configuration registers 
Iceep their vafues. 

When Go is asserted all counters are reset, but con- 
figuration registers keep their values (i.e. they don't 
get reset). NexmandEnabte is cleared when Go is 
asserted. 

The TFU must be started before the TE is started. 
This register can be read to determine if the TE is run- 
ning (1 = running, 0 s stopped). 
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Table 126. TE ConfiguraUon Registers 



i3 



Setup fegtsterq (constant tor processing of a page) 




1 0x40 


TfsStartAdr 

(64-bft aligned DRAM 

address - should start at 

a 256-bft aligned loca* 

tion) 


1 


0 


PWnts to ttie first word of the first TPS line In DRAM. 


1 0x44 


TfsEndAdr 
(64-bH aligned DHfiM 
address - shouid start at 
a 256-bit aUgned Ibca* 

tion) 


19 


0 


Points to the first word of the last TPS JIne in DRAM. 


1 0x48 


TfsPirstUneAdr 
(64-bit aligned DRAM 
address) 


19 


0 


r-oints lo tne nrst word of the first TPS fine to be 
encountered on the page, if the start of the page is In 
an inter-tag gap. then this value will be the same as 
TFSSta/tAc/r since the first taa line raachAd imD Ka ika 
top line of a tag. 


j 0x4C 


DataRedun 


j 1 


0 


Defines the data to redundancy ratio far the Rt^n 
Solomon encoder. Symbol size is always 4 Wis, Code- 
word size is always 15 symbols (60 bits). 

0 - 5 data symbols (20 bits), 10 redundancy symbols 
(40 bits) 

1 -7 data symbols (26 bits). 8 redundancy symbols 
(82 btts) 


OxSO 
1 0x54 


Deoode20£n 


1 


0 


Determines whether or not the data bits are to be 20 
decoded rather than redundancy encoded (each 2 
bits of the data bits becomes 4 output data bits). 

0 = redundancy encode data 

1 = decode each 2 bits of data into 4 bits 




VariabteDataPresent 


1 


0 


Defines whether or not there is variable data in the 
tags. If there none, no attempt is made to read tag 
data, and tag encoding should only reference fixed 
tag data 


0x58 


EncodeRxad | 


1 


0 


Oetemifnes whether or not the lower 40 (or 56) bits of 
fixed data should be encoded Into 120 bits or simply 
used as is. 


0x5C 


TagMaxOotpairs | 


8 


0 


The w^dth of a tag in dot-pairs, minus 1 . 
Minimum 0, Maximum^l 91. 


0x60 


TagMaxLine | 


9 


0 


The number of lines in a tag. minus 1. 
Minimum 0, Maximum = 383. 


0x64 


TagGapDoi 1 


14 


0 


The number of dot pairs between tags in the dot 

dimension minus 1. 

Only valid If TagGapPresent[bn 0) = i 


0x68 
0x6C 


TagGapUne 

DotPairsPertJne J 


14 
14 


0 
0 


Defines the number of dotfines between tags in the 

line dimension minus 1 . 

Only valid if TagGapProsen^bm] = 1 . 


0x70 


DotStartTagSense J 


2 


0 


Number of output dot pairs to generate per tag line. 
Determines tor the first/even (Wt 0) and seoond/odd 
(bit 1 ) rows of tags whether or not the first dot position 
ot the line is in a tag. 
1 s in a tag, 0 g in an inter-tag gap. 
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Table 126. TE Configuration Regrsters 



0x74 



0x60 to 
0x84 



0x88 to 
0x8C 



TagGapPresent 



DotStartPos 



NumTags 



Setup tmnd related registers 



2x14 



2x8 



Bit 0 ts llf there is an inter-tag gap in the dot dimen- 
sion, and 0 If tags are tightly padced. 
Bit 1 rs 1 if there is an inter-tag gap In the line dimen- 
slon. and 0 if tags are Ughtiy packed 



Tag scaie factor in Y direction. Output lines to the TFU 
wiii be generated YScafe times. 



Determines for the first/even (0) and second/odd (1) 
rows of tags.the numt>er of dotpairs remaining minus 
1 , in either the tag or inter-tag gap at the start of the 
line. 



Determines fbr the first/even and second/odd rows of 
tags how many tags are present in a One (equals 
numt>er of tags minus 1). 



OxCO J NextSandStartTagOa- 
I taAdr 
(64-brt aligned ORAM 
address - should start at 
a 2S6-bit aligned loca- 
tion) 



0x08 



NextBandEndOfTagOata 
(64-t)itar}gned DRAM 
address) 



NextBandRrstTagUne- 
Height 



NextBandEnatsle 



Hofds the value of StarfTagOataAdr for the next band 
This value is copied to StartTagDataAdr when 
DoneBand Is 1 and NextBandEnalife is 1. or when Go 
transitions from 0 to 1 . 



Holds the vaiue of EndOfTagData for the next band. 
This value Is cofMed to EndOfTagData when 
DoneBand is 1 and NextBandEnable is 1, or when Go 
transitions from 0 to 1. 



Holds the value of RrstTagUneHeight for the next 
band. This value is copied to RrstTagUneHeight when 
DoneBand gets Is 1 and l^extBandEnaWe Is 1. or 
when Go transitions from Oto 1, 



When NextBandEnable is 1 and DoneBand is 1. then 
when te.finishedband Is set at the end of a band- 
-NextBandStartTagOataAdr is copied to StartTagDa- 
taAdr 

-NextBandEndOfTagData Is copied to EndOfTagData 

'NextBandRrstTagUneHeight is copied to RrslTa- 

gUneHeight 

-DoneBand is cleared 

-NextBandEnable is cleared. 

NoxtBaMEnablo is cleared when Go is asserted. 
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Tabre 126. TE Conflguratton Registers 





^» 














0 


Specifies whether the tag data interlace has finished 

loading alt the tag data for the band. 

It is cleared to 0 when Go transitions from 0 to 1. 

When the tag data Interface has finished loading all 

the tao data for the harvi tha to fin/eKaWManWAiM.^! 

Is grven out and the OoneSarJd flag Is set. 

If NextBandEnabie isl at this time then sl^rfl^pOa- 

taAdr, endOfTagData and (fcstTagSneHelght are 

updated with the values for the nevt hanrf anri 

OoneBand \s cleared. Processing of the next band 

starts immediately. 

If NextBan(S£nab!e is 0 then the remainder of the TE 
win continue to run,, while the read ctmfrfA imit uMita 

for WaxfSancffinaWeto be set before it restarts. Read 
only. 




StartTagDataAdr 
(64-bit afiflned DRAM 
address - should start at 
a 2S6-bit aligned loca- 
tfon) 


19 


0 


The start address of tfte cunent row of raw tag data! 
This is initfally points to the first word of the band's tag 
data, which should be aligned to a 1 26-bit boundary 
(i.e. the lower bit of this address should be 0). Read 
only. 


0xD8 


EndOfTagData 
{64-bit alrgned ORAM 
address) 


19 


0 


Points to the address of the final tag for the band. 
When all the tag data up to and including address 
enaOnkgOata has been read in, the tejinishedband 
srgnal is given and the ddneBand flag is set. Read 
only. 


OxOC 

Work reglstc 


FtrsfTagUneHeight 
srs (set before starting the 


9 

TEandm 


0 


The number of lines minus 1 in the first tag encoun- 
tered In this band. This will be equal to TagMaxLme if 
the band starts at a tag boundary. Read only. 


0x100 


UneinTag 


1 


Hist not bi 
0 


e touched between bands) 

i3etern)lnes whether or not the first line of the page is 
in a line of lags or in an inter~tag gap. 
1 - in a tag, 0 - in an inter-tag gap. 


0x104 


UnePos 


14 


0 


The number of lines remaining minus 1, In either the 
tag or the inter-tag gap In at the start of the paga 


0x110 to 
OxIIC 


Taspata 


4x32 


0 

1 


This 128 bit register must be set up initially with the 
fixed data record for the page. This is either the fower 
40 (or 56) bits (and the encodeFixed register should 
be set), or the lower 1 20 tnts (and encodedRxed 
should be dear). The tagData{0] register contains the 
lower 32 bits and the tagData(3J register contains the 
upper 32 bits. 

This register is used throughout the tag encoding 
process to hold the next tag's vanabfe data. 


Wbrk register 
Read-onry fro 


■s (set internally) 

m tlio point of view of PCU register access 


0x140 


OotPos 


14 


0 


Defines the number of dotpairs renr^lnfng In either the 
tag or inter-tag gap. Does not need to be setup. 


0x144 


CurrTagPlaneAdr 


14 


0 


The dot-parr number being generated. 


0x146 


DotsrnTag 


1 


0 


Determines whether the current dot pair is in a tag or 

not 

1 - in a tag, 0 - in an inter-tag gap. 
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Table 126. TE Conflguratlon Registers 




0x154 



0x158 



0x1 5C 



0x160 



0x164 



0x168 



CufrTFSAdr (64-brt 
aligned DRAM ackJress) 



ReadsRemaining 



CountX 



CountY 



RtdTagSense 



RawTagDataAdr 
(64-«t aligned ORAM 
address) 



19 



19 



Determines whether the production of output dots Is 
for the first (and subsequent even) or second (and 
subsequent odd) row off tags. 



Points to the start next line of the TFS to t>e read in. 



Number ot reads remaining In the current burst from 
tf^eraw tag data ihterliaoe 



The number of tags remaining to be read (minus 1 ) by 
the raw tag data intertace for the cun-ent line. 



The number of times (minus 1) the tag data for the 
current line of tags needs Id be read In by the raw tag 
data interface. 



Determines whether the raw tag data inters is cur- 
rently reading even rows of tags (=0) or odd rows of 
tags(=1) with respect to the start of the paff0Mote 
that this can be different from tagAltSense since the 
raw tag data interface is reading ahead of the produc- 
tion of dots. 



The current read address within the unencoded raw 

tag data. 



control 
pcu_dataout[8l:0] 




tejxxj_dataln[31 :0J 



to_pcu_rdy 



Figure 153. Block diagram of PCU accesses 
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26.6.5. 1 Starting the TE and restarting the TE between bands 

The TE must be started after the TFU. 

For the .first band of data, users set up NextBandStartTagDataAdr, NextBandEndTagData and NextBand- 
FirstTcfgLineHeight as well as other TE configuration registers. Users then set the TE's Go bit to start pro- 
cessing of the band. When the tag data for the band has finished being decoded, the tejinishedband 
interrupt will be sent to the PCU and ICU indicating that the memory associated with the first band is now 
fi-ee. Processing can now start on the next band of tag data. 

In order to process the next band NextBandStartTagDataAdr, NextBandEndTagData and NextBandfirst- 
TagLineHeight need to be updated before writing a I to NextBandEnable. There are 4 mechanisms for 
restarting the TE between bands: 

a. tejinishedband causes an interrupt to the CPU. The TE will have set its DoneBand bit. The 
CPU reprograms the NextBandStartTagDataAdr, NextBandEndTagData and NextBandFirstTa- 
gLineHeight registers^ and sets NextBandEnable to restart the TE. 

b. The CPU programs the TE's NextBandStartTagDataAdr, NextBandEndTagData and NextBand- 
FirstTagLineHeight registers and sets the NextBandEnable flag before the end of the current 
band. At the end of the current band the TE sets DoneBand. As NextBandEnable is already 1 , 
the TE starts processing the next band immediately. 

cThc PCU is programmed so that tejinishedband triggers the PCU to execute commands from 
DRAM to reprogram the NextBandStartTagDataAdr, NextBandEndTagData and Next- 
BandFirstTagLineHeight registers and set the NextBandEnable bit to start the TE processing 
the next band. The advantage of this scheme is diat the CPU could process band headers in 
advance and store the band commands in DRAM ready for execution. 

d.This is a combination of b and c above. The PCU (rather than the CPU in b) programs the TE's 
NextBandStartTagDataAdr, NextBandEndTagData and NextBandFirstTagUneHeight registers 
and sets the NextBandEnable bit before the end of the current band. At the end of the current 
band the TE sets DoneBand and pulses tejinishedband. As NextBandEnable is already 1 , the 
TE starts processing the next band immediately. Simultaneously, te Jinishedband triggers the 
PCU to fetch commands firom DRAM. The TE will have restarted by the time the PCU has 
fetched commands fi^om DRAM. The PCU commands program the TE next band shadow reg- 
isters and sets the NextBandEnable bit. 

After the first tag on the page, all bands have their first tag start at the top i.e. NextBandFirstTagUneHeight 
= TagMaxLine. Therefore the same value of NextBandFirstTagUneHeight will normally be used for all 
bands. Certainly, NextBandFirstTagUneHeight should not need to change after the second time it is pro- 
grammed. 



Doc: SoPec_harclware_clesign 
Version: 2.3 



S3 Proprietary Document 



Nov 2002 

Page 379 



SoPEC : Hardware Design 



\ 26.6.6 TE Top Level FSM 

The following diagram illustrates the states in the FSM. 

Reset OROft»=0 

1 



•c 



Idle 



1 



rXagDotLinc 



while producing va^jd f^y 



Figure 154. Tag Encoder Top-Level FSM 

At the highest level, the TE state machine steps through the output lines of a page one line at a time, with 
the starting position either in an inter-tag gap (signal dotsintag - 0) or in a tag (signals tfsvalid and tdvalid 
^linemtag = 1) (a SoPEC may be only printing part of a tag due to multiple SoPECs printing a single 

If the current position is within an inter-tag gap, an output of 0 is generated. If the current position is 
withm a tag, the tag format structure is used to determine the value of the output dot, using the appropriate 
encoded data bit from the fixed or variable data buflFers as necessary. The TE dien advances along the line 
of dots, moving through tags and inter-tag gaps according to the tag placement paiametera. 
Table 127 highlights the signals used within the FSM. 



Table 127. SIgnats used within TE top level FSM 









Sync dock used to regfster all data within the FSM 


prsijn, tejreset 


Reset signals 


advtagline 


1 cycles pulse indicating to TDI and TFS sub-blocks to move onto the next line of 
Tag data 


cufrdotlineadr(13:0] 


Address counter starting 2 pctk ahead of cuntagplaneadr to generate the correct 
dotpair for the current line 


dotpos 


Counter to Wentify how many dotpairs wide the tag/gap ts 




Signal kientifying whether the dotpair are In a tag(1 )/gap(0) 


PneintaQ^temp 


Identical to lineintag but generated 1 pdk eariier 


linepos_8hadow 


Shadow register for Unepos due to Unepos being written to by 2 different proc- 
esses 


talaltsense 


Flag which alternates l)etween tag/gap Ibics 


te^state 


FSM state vanatsle 


tepianebuf 


6-t)it shift register used to format dotpairs into a byte for the TFU 


wradvUne 


Advance fine signaf strobed when the last byte in a line is placed on te tfu wdata 
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S5 



Due to the 2 system clock delay in the TFS (both Table A and Table B outputs are registered) the TE FSM 
IS workmg 2 system cloc). cycles AHEAD of the logic geneiating the wn^e data for Ac mj L a rS^^ 
the followmg control signals had to be single/double registered onth^systen, dock * 



dotsintag • 
tdvalid ■ 
tfsvalid ■ 
tfu_ok_write • 
Imeintag.teinp - 



pclk 



dotsintag] 


tdvalidl 




tfsvalid 1 


P 


tfii_ok_writel 


► 


lineintagl ^ 


^ 







A. 



-►dotsintag2 
-►tdvalid2 
■♦tfsvalid2 
■♦■tfii_oK_write2 



Figure 155. Generated Control Signals 
The tag_dotJine state can be broken down into 3 diflferent stages. 

Sf„« '„J5tS* 'f^^'VSf ^ ^ h^mmg active. TTiis state controls the 

S^SS^ and ^-r^-ofa«>H.me is active, and there is valid TFS and TD available or tag^. <to,paiis 

phed to the TFU since the TFU is a HFO rather than the line store used in FECI. 

5*'''"* ^^^'^^P "^'^ (//«e.n/^ flag = 1) the dot position counter dotpos is decre- 
mented/reloaded (with tagmaxdotpairs or taggapdot) as the TE moves between tags/gaps. "Se <h^Z 

for::^t£sr^:^^^™^ 

LSrJT ^"^^^ ^« '*'*-'''4 flag if go ng onto 

row^^l^ ^ ? ^ ^ "^^"^ ^""^ ''»>^1« switching between dot lines wd tag 

I^L? . 'rr* "~ '^'P^^ = <> of a tag/gap bTb^l 

reached..when /«epo. = 0 the end of a tag row is reached. This stage uses the signals lir^JZjZXd 
tagalisense which were generated one system clock cycle earlier in Stage 1 . '<^temp and 

fte LSBs of cwm^gp/ancadr and also miplements the counter for tb^ currtagplaneadr. T^e currtagpla- 
rlkT. ^^^l-"f " (A'^H.^^^peWin. - 1). All the qxSfier signals e.g dotsfntag 

for this stage are delayed by 2 ^re«. c/oct cycles i.e. the currtagplaneaJr (which is the internal writf 
ad^s not needed by the TFU) cannot be incremented until the dotpairs arc 'available wWch fsXa^ 2 
system clock cycles later dian when currdotUneadr is incremented. -"w-ys ^ 
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The wradvline and advtagline pulses are generated using the same logic (currently separated in the PECl 
Tag Encoder VHDL for clarity). Both of these pulses used to update further registers hence the reason they 
do not use the delayed by 2 system clock cycle qualifiers. 

26.6.7 Combinational Logic 

The TDI is responsible for providing the information data for a tag while the TFSI is responsible for decid- 
ing whether a particular dot on the tag should be printed as background pattern or tag information. Every 
dot within a tag*s boundary is either an information dot or part of the background pattern. 



,<iQts[0] 




dots[1] 



dotsintag 

Figure 156. Logic to combine dot Information and Encoded Data 

The resulting lines of dots are stored in the TFU. 

The TFSI reads one Tag Line Structure (TLS) from the DIU for every dot line of tags. Depending on the 
current printing position within the tag (indicated by the signal tagdotnum), the TFS interface outputs dot 
information for two dots and if necessary the corresponding read addresses for encoded tag data. The read 
address arc supplied to the TDI which outputs the corresponding data values. 

These data values QdLetdO and tdi_€tdl) are then combined with the dot information {tfsi^taJLotO and 
tfsijta_dotl) to produce the dot values that will actually be printed on the page idotsX see Figure 1 56. 



lastdotintagi 



dotsintag 
tfsvaltd' 




dotpairsperiine 



Figure 157. Generation of Lastdotintag/1 

The signal lastdotintag is generated by checking that the dots are in a tag (dotsintag I) and that the dot- 
position counter dotpos is equal to zero. It is also used by the TFS to load the index address register with 
zeros at the end of a tag as this is always the starting index when going from one tag to the next lastdotin- 
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tag h e^ttd With advtagttne in the TFSi (Table C) where adv_tfsjine pulse is used to update the Table C 
(ctd..^tchsta.).pu.e^.e11^_^.^^^^^^ 

^I^^HJ^!^''"^^^ '^''^'"^ ^o.lastdotintag except it is combixiatorially generated (1 cycle earlier 
.^/S^ T*^* ^'^'f' '"^^^^^ lastdotinragj signal is only Ltd in the TDi To rcS^i^ 

tdvahd signal on the cycle when dotpos = 0. Note the USSlGt^llKcumiotlinea^) ^VmiGNE^^r 

toj/<*>ftiif<«i^e« process as this is an combinatorial process. v^^spmme} z as m the 



dotsintagi 

tffivaliHI A 



frtvaliHI 



lineintaal 



te tihi nktftiA/ritel 




^tposvalid 



Figure 158. Generation of Dot PosiUon Valid 

l^J^rfita^ '^'^ ^ on bemg in a tag Une iUneinmgl = 1). dots being in a ta« 
te^nonf ? 'l"^''^"' "S^s delayed by 1 pctt cycle due to the reS 

^^ t^ Itl^^. *^ ^ ^'^'^ « - provides the 2 



dotsintag- 
tfsvand2- 
tdvalicl2- 
currtagpfaneadr 



[13:2] 




Logic 



te_tfu_we 



" — ^ ^ te_tIbLwradr 

Figure 159. Generation of write enable to the TFU 
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The signal tejfuji^datavalid can only be active if in a taggap or if valid tag data is available {tdvcdidl and 
t/svalid2) and the currtagppianeadr(\:0) equal 1 1 i.e. a byte of data has been generated by combining four 
dotpairs. 



tagmaxdotpairs 
► 




tagdotnum 


a 




► 



"ydotpos 

Figure 160. Generation of Tag Dot Number 

The signal tagdotnum tells the TFS how many dotpaiis remain in a tag/gap. It is calculated by subtracting 
the value in die dotpos counter from the value programmed in the tagmcocdotpairs register. 
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26.7 Tag Data Interface (TDr) 

26.7.1 I/O Specification 



Table 128. TOI Port List 



Clocks and Resets 




pdk 


In 


SoPEC system dock 


1 prst_n 

1 DJU Read Interface Signals 


In 


Active-k>w. synchronous reset in pcik domain. 


1 diu_data[63:0} 


In 


Data from ORAM. 


1 td_diu_freq 


Out 


Data request to DRAM. 


r5Ldiu„radf(2i:Sl 
1 diu_td_iack 


Out 

In 


Read address to DRAM. 


1 diu_td.rvalld 


In 


Data acknowledge from DRAM. 
Data vaRd signal from DRAM. 


j PCU Interface Data, Control Signs 


Is and ' — 


1 pcu_dataout[31:0} 
1 pcu.addr(8:2J 
1 pctj_rwn 


In 
In 
In 


PCU writes tMs data. 
PCU accesses this address. 


[ pcu_te_8el 
1 pcu_te_reset 


In 
In 


Gtobal read/Write-not signal from PCU. 
PCU selects TE fbr rAv access. 
PCU reset 


1 td_te_don8band 
1 ^.te.dataredun 

td.te_decode2den 
1 td_te_vaffabiedatapresent 
1 td_te.encodefixed 
1 td.te_numtagsO 
1 td^te^numtagsl 
{ td_te_8iarttagdataadr 

td_te_fawtagdataadr 
1 td_t8_endoftagdata 

td_te_firsttagfineheloht 
j td_te_tagdataO 
j td_te_tagdata1 
j td_te_tagdata2 
j td_te_tagdata3 
j td_te_countx 
J td_te_county 
1 W_te_rtdtagsen8e 
1 td_te_readsremainlng 

j TFS (Tag Format Structure) 


Out 


PCU readable registers. 


1 tfsLadfO(8:0] 
L tfsLadn[6:0J 


In 1 
In I 


Read address ior dotO 
Read address for doti 


Banostore Signals ' — 


cau_startofbandstore{24.*0] 


In 


Start menrwry area allocated for page bands 


1 cdu_endofbandstore[24:0} 


In 


Last address of the memory alk>cated for page bands 


1 te.finlshedband 


Out 


Tag encoder band finished 
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J3 



to.finisltedband 
<4 




> tdVarid 
lastOotln-mg 
lastDotlnTagl 



^ tagtsPrtnted 



etdRdAdiO 



^tilRdAdn 



Figure 161. TOI Architecture 



26.7.2 Introduction 

The tag data interface is responsible for obtaining the raw tag data and encoding it as required by the tag 
encoder. The smallest typical tag placement is 2nmi x 2mm. which means a tag is at least 126 1600 doi 
dots wide. ^ 

In PECl , in order to keep up with the HCU which processes 2 dots per cycle, the tag data interface has 
been designed to be capable of encoding a tag in 63 cycles. This is actually accomplished in approximately 
52 cycles within PECl. For SoPEC the TE need only produce one dot per cycle; it should be able to pro- 
duce tags m no more than twice the time taken by the PECl TE, Moreover, any change in implementation 
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ft^m two dots to one dot per cycle should not lose the 63/52 cycle perfonnance edge attained in the PEC 1 

^^^JZ^!r^ 'l^*.** ^ a raw tag data interfece FSM that fetches tag data 

^hLT;oTir't ""'"'T ^^^^^ ^-Solomon encoders, an encoded data interfera^d a stte 
hTdt^td^CSSfofu^r^,^^ 

tlt'oS^bSfe*"* ""^ '^'^ T^-enc-^eA.^. TE_da,aredun and rE_decode2den 

' 2till^hTf^%7^"'' ^""V- ^""^ ^^"^^ '° P«^"« 1 5 <>"«P« symbols, so the output is 

3 times the size ofthe input. This can be performed on fixed and variable tag data *««Puiis 
• (15.7) RS coding, where every 7 input symboU are used to produce 15 output symboU so for the same 

26.7.6 on page 400). This can be performed on fixed and variable tag data 

I£SL*S^n5%??J ^ ^'^l^c^ u?^°-*'''' "^^^ ^^-^y ^^l^-i «xli«g i'' required). 

1 ? or 56-bits when (15.7) coding is required. Once the fixed tTiSa 

IS coded It IS 120-bits long. It is then stared in the Encoded Tag Data Interfece. 

The variable tag data is stored in the DRAM in uncoded form. When (15.5) codinjj is reauiied the 1 20 

v.^nr^TK'^r'' 240-b.ts. When 2D decoding is required the 120-bits sto^sd in D^ ^Z 
verted mto 240-b.ts. In each case the encoded bits are stored in the Encoded Tag Data Interfe^ 
The encoded fixed and variable tag data are eventually used to print the tag. 

•^K ^^t^ " " ^™ ^ *e stait of a page. It is encoded as necessary and 

« then stored « one of the 8xl5:bits registers/RAMs in the Encoded Data IntS TOs S^^S 
unchanged m the registens/RAMs until the next page is ready to be pro^ssed 

2^LruiS»'*^T* '*<"«<1 32.bit words. The TE re-i«ids 

^JpVm ?\ "^'"'^ '^'^ ^'^^ ti^-^ « produces that tag. The varfaSl^S 

data FIFO which reads from DRAM has enough space to store 4 tags «g- me variaoie tag 
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I 26.7.3 Data Flow 

An overview of the dataflow through the TDI can be seen in Figure 162 below. 



ENCODED TAG DATA INTERFACE 

-Encoded fixed data can b« t/p to 120 bto iono 
*Usa 2 buffefs to anow tor 2 simuttanaously 
READS in one cyda 

-These stores hold «r>6fbded tag data tor 1 tag. 
-Total mexnoty - 120)i2 -240 bits 



RAW TAG DATA MTCRMCE 



TAG DATA REGISTER 




REEDSOUOMOItf 
DECODE 20 



-The requested tag <b HEAD 
fcuo this 128-t« buffer. 
-This buffer can be updated 
upto1B3tiiiiesAne. 
^CachtaQMiibetoadad 
at least 126 limes. 



-mki dotftao 126 (speeifkid} 
•max dolsAne • 1600x12.6 -20460 
•max liosAine - 20480^26 - 163 
•max vartabfe dataAao - 120 
<max amount of tag daia/ifne- 120 x 164 
-SpBl tfia 120 tag data bits into 2x84-bit$ (6 spare bits) 
jitax mamofy needed tor 1 line cl tag data - 2x64x164 - 656x32 
•mde 1Kb tn hatr to alow tor simultaneous HEAO/WRTTE 
•Once all this data Is loaded It ¥*i be vaBd tor ai least 126 8nGs. 
■Rgmmesped f teatfoa 

■IMBnte contains 20480x126 . 2580460 dots. 

•pieretore the data «ril be updated at most every 1290240 cycles. 

-Totaf memory- 164x2x64 • 20902-txts 

-TJ>aetoj«es «-btt address^ 

****** ttne h »^ 

{.e. tor a 1 23 inchlineU has 10240 dots or 5120 cycles 
tor an 6 Inch ine « has 6400 dots or 3200 cms 




-ffave to be aUe to read one tag^ data 
bom the Rawing Data Interface, RS 
encode and store it in the Encodad Tag 
Data Interface tn 63 cycles or less. 



-Encoded variable data can be up to 360 bits long 
•Use 2 buffers to aflow tor 2 sTmultanaousfy 
REAOsinonecyde. 

•Use 2 bufleia to aitow tor aimullaneeusly 
REAOWRTTE 

•Ibtal memory 360x2x2 « 1260 bits 
•Mb tag width « 126 dots 

so ihe fastest thall tag can be read - 126^ « 63 cycfea 



Figure 162. Data Flow Through the TDI 

The TD interface consists of the following main sections: 

• the Raw Tag Data Interface • fetches tag data from DRAM; 

• the tag data register; 

• 2 Reed Solomon encoders - each encodes one 4-bit symbol at a time; 

• the Encoded Tag Data Interface - supplies mcoded tag data for output; 

• Two 2D decoders. 

The main perfonnance specification for PECl is that the TE must be able to output data at a continuous 
rate of 2 dots per cycle. 
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26.7.4 Raw tag data interface 

The raw tag data interface (RTDI) provides a simple means of accessing raw tag data in DRAM. The RTDI 
passes tag data mto a FIFO where it can be subsequently read as required The 64-bit output from the 

JZ^"^^"^^^ being used to set/reset as the enable signal 

{rtdAvail). The FIFO is clocked out with receipt of an rtdRd signal from the TS FSM. 

Figure 163 shows a block diagram of the raw tag data interface. 

DRAM tnteriiaoe 



raw tag data 
Intorfaee 



T — y 



raw tag data 

RFO 
(ax64-bftsy 



diu.data|63:0] 
wrptr 

rtd_fffo_wr_en 

Fdptr 

pdk 



ndbuft64:0] 



17 



rtd state 
machine 




te^finistiedband 



fffb_wr_en 



rtdbuft63:0] 



(2* rttfbuf data registefed in Tag Data Rag) 



diM-.td_fvalid 




Figure 163. Raw tag data interface blocfc diagram 



26.7.4.1 RTDiFSM 



The RTDI state machine is responsible for keeping the raw tag FIFO fiUl. The state machine reads the line 
ofteg data once for each printline that uses the tag. This means a given line of tag data will be r^ at least 
126 tunes smce the tag height is 126 lines for 2 mm tags. Note that the first line of tag data may be read 
fewer than 1 26 times since the start of the page may be within a tag. In addition odd and even rows of tags 
may contain different numbers of tags. 
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n f t i **"?r™o '''^ ^"^^"^ ^'^^^ Users must set the NextBand- 

registers before staiting the TE by asserting Go. '"S^/'V. numiagsi 

l^J^^ln^ bands of a page, the NextBandStartTagDataAdr. 

NextBandEndOJTagData and NextBandFirstTagLineHeigh registers need to be updated (typically 
Zf:^^t^ 7^ "-^--S^/T/ be the same if the previous band contains an even nSr of S^s) 

The RTDI State Fl«w diagnun is shown in Figure 164. An explanation of the states follows: 

ftcre a« at least 4 spaces left m the FIFO then request a burst of 2 tags from the DRAM (1 • 256bits) 
Counter counu is assigned the number of tags in a even/odd line which depends on the value of register 
nr^ta^««e Down-counter county is assigned the number of dot lines high a tag wUl be (min 1 26) 
tially It must be set Aofirsttaglineheight value as the TE may be between pages (i e. a partial tag) For nor- 
mal tag generation co«/iO' will take the value of A«fi,ar//«eregisteii partial tagj. For nor 

tt^^-: ■"'e diu-access state wiU generate a request to the DRAM if there are at least 4 spaces in the 
S^e Sfo A^t the counter wr_rd_counter which is incremented/decremented on^tes/ieads 

of the FIFO As long as wr_rd_counter is less than 4 (FIFO is 8 high) there must be 4 locations free A 

TE S«S ^ - fa«/_c«/« controls this signal, (will involve modification to existing 

^t-^y ^ addressing to the DRAM. Counters countx and county are used to moni- 

dotslrt' ™ " P«"=«sing a line of dots within a row of tags. When countx is Zto it meins Ttog 
st,H„ ^ ?^ T^'^- ^^"^ « ^ " the TE is on the last line of dots (prior to Y 

'^^'ff^ IS compared to the te_endoftagdata address. If rawMgrfai^rfr = c«A»/Jji,ra 
TetZri"*^, " *»^«^"*«''*-«^ "final is pulsed, and the FSM enteS the rtd stallZtZ 

£™ .t.^ nrff ="1"!' "^"T restart the TE. This state is used to coi^t the 64-bh^ads 

^Td^ T\ t *«-'^-««/« is high rtd_data_count is incremented by 1. TTie comiaTeTf 
n4 S-^rM° " t° fi^d either all 4*64-bit data has been leceS^cd or 

J^ictg^^^Z^T^ """^^'^'"'^ - -'^Mg^'^ta in the middle of a set of 4-64-bit 



rajt<dh- This state waits for the the doneband signal to be reset (sec page 379 for a description of how 
th« occ««). Once reset the FSM returns to the idle state. TTus states alfolerforms the s^^Jo^t on^ 
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diu^data read as above in the case where diujtd^rvalid has not gone high by the time the addressing is 
complete and the end of band data has been reached i.e. rawtagdataadr = endoftagdata 



variaMedataDrgsent =ar 0 



JL 



IDLE 



I *^ 



3 



00«a 1 AND wr fd countPf IS 



end of 
burst 



01U.ACCESS 



S) 



hi Id racK == 1 



^FIFOJ 



LOAD 



STALL 



Figure 164. RTOi State Flow Diagram 



DRAM addresses 



address 
increasing 




biand NV 1 



cdu_8tGirtofb&fkj store 

T^.endoftagdata (for twnd N) 

TE.endoftagdata (for band N<»-1) 
cdu.endofbandslore 



Figure 165. Relationship between TE.endoftagdata, cdu.startofbandstore and 

cdu_endofbandstore 
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26.7.5 TDI state machine 

The tag data state machine has two processing phases. The first processing phase is to encode the fixed tag 
data stored in the 128-bit (2 x 64-bit) tag data register. The second is to encode tag data as it is required by 
the tag encoder. 

When the Tag Encoder is started up, the fixed tag data is already preloaded in the 128 bit tag data record If 
encodeFixed is set, then the 2 codewords stored in the lower bits of the tag data record need to be encoded: 
40 bits ifdatoRedun = 0, and 56 bits if datoRedun = I. If encodeFixed is clear, then the lower 120 bits of 
the tag data record must be passed to the encoded tag data interface without being encoded. 

When encodeFixed is set, the symbols derived from codeword 0 are written to codeword 6 and the sym- 
bols derived from codeword 1 arc written to codeword 7. The data symbols are stored first and then the 
remaimng redundancy symbols are stored afterwards, for a total of 15 symbols. Thus, when datoRedun = 
0. the 5 symbols derived from bits 0-19 are written to symbols 0-4, and the redundancy symbols are writ- 
ten to symbols 5-14, When datoRedun « 1, the 7 symbols derived from bits 0-27 are written to symbols 0- 
6, and the redundancy symbols are written to symbols 7-14. 

When encodeFixed is clear, the 120 bits of fixed data is copied directly to codewords 6 and 7. 
The TDI State Flow diagtam is shown in Figure 166. An ^lanation of the states follows. 




Figure 166. TDi State Flow Diagram 

idie:- In the idle state wait for the tag encoder go signal - top^go = 1. The first task is to either store or 
encode the Fixed data. Once the Fixed data is stored or encoded/stored the donefixed flag is set. If there is 
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no variable data the FSM ret«ms to the idle state hence the reason to check the donefixed flag before 
advancing i.e. only store/encode the fixed data once. 

^iTfl^^^'^-'^ """^ "^^^^^ *° ^''^^y ''toie the fixed data in the 

ETDi or If the fixed data needs to be either (15:5) (40-bits) or (15:7) (56-bits) RS encoded or 2D decoded. 

shoulTbT " """"Mxerf and data^ and decodc2den detennine what the next state 

bypass_to_adi> The bypass_to_etdi takes 120-bits of fixed data(pre-encoded) from the taedatafmO) 
register and stores it in the 15*8 (by 2 for simultaneous reads) buffer. We data is paS"ed from tte 
tag data register through 3 levels of muxing (levell. Ievel2. Ievel3) where it enters the RSO/RSI encoders 
"r "^"^ '^"'^'-^ are zero hence the data pasS 

w^6.7 »ust be high to store this data as code- 

etd_buf s>.itchx- This state is used to set the /ifra/W signal and pulse the etd_ad>,_tag signal which in turn 

W 't*" "^JT?,!?"^ ""^"^ ■TheJSr.ni.e sig^l Soused to idl^ 

fee &st tune a tag us encoded. If zero « means read the tag data from the RTDi HFO and encode. Once 
«icoded and stored the FSM returns to this state where it evaluates the sense o^td^>alid. Fim time around 
I'^Jl^ ^ '^"^^ ^^"^ *° *^ readtagdata state to fill the 2nd ETDi buffer. After this 

fte FSM returns to this state and waits for the lastdotintag signal to arrive. In between tags when the last- 
t^ZT^Jfi " ^^7'*^ ^ is pulsed and the FSM goes to the readtagdata state. However 

? "^T!^*™'*''"*''*"'^**^"'^"''*"*"^*''^ ' cycle delay introduced in generating 
^^-"f^-^i^ . ^'f-'^-'<'S-.endofline) due to the pipelining in the TFS. TTiis allows all thf 
previous tag to be read from the coirect buffer and seamless transfer to the other buffer for the next line. 
readtagdata:- The readtagdata state waits to receive a rtrfava// signal from the raw tag data interface which 
^^^^ VI u-^ ^ ^r'^'*- "^^ is 128-bits so it takes 2 pulses of the rtdrd 

..It^^ 2*64-bits mto the tag_data register. If the rrrfow// signal is set rtdW is pulsed for 1 cycle 
and the FSM steps onto Ae loadtagdata state. Initially the B^gfirstS4bits win be zero. The 64-bits off*/ 
are assigned to ae teg_^r«/tfi.O/ and the flag;i«*«*to is set to indicate the first raw tag data read is 
SIS J?'' !^ f ^ read_tagdata state where it generates the second rtdrd pulse. 

SlSS tf^ loadtagdata state for where the second 64-bits of rawtag data are assigned to 

^^Sa > «^ the raw tag data into the.tegLrf«f« register from the RTDi FIFO. 

They&3f«6,tt flag IS reset to zero as the tag_data register now contains 120/1 12 bits of variable data A 
decode of whether to (15:5) or (15:7) RS encode or 2D decode this data, decides the ne« staT 
vri/w^"^?* ts_15_5 (Reed Solomon (15:5) mode) state either encodes 40.bit Fixed data or 120-bit 
^t^" ^ '^'^ ^ "^^^ write enable (etd nr adr and etdwe 

^^^^ ^ ~-<x^ '^-"^^ flag is set as this only n<^ ds To be Sne^ 

• f/L^M ^"'"^^'^'^"['Vresent register is then polled to see if there is variable data in the tags. If there 
2ir?hf /^'T'"' "''k '^'^ "^TDi and loaded into the tag_Za «iS 

l^o?er f H "^'r ''"^ ^o''*''"-^ « a control forgets 

Encoder and controls feedforward and feedback muxes that enable (1 5:5) encoding. 

Il!!J~'^-^^Kf control signals for passing 120.bits of variable tag data to the RS 

encoder m 4-bu symbols per dock cycle. rs_counter is used both to control the levell mLc and act as S 
15-cycle counter of the RS Encoder. This logic cycles for a total of 3*15 cycles to encode the 120-bits. 

ul"-!:' 3^*;'^-^^-^ ^'^ " ^'"^ '° ^-^ ^-^ ^ «««P' levell_mux has to select 7 4-bit sym- 
DOKs instead of 5. 

'IV'^f^-^^^^ The decode^2d states provides the control signals for passing the 

UO-bit vanable data to the 2D decoder. The 2 Isbs are decoded to create 4 bits. The 4 bits from each 
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decoder are combined and stored in the ETDi. Next the 2 MSBs are decoded to create 4 bits. Again the 4 
bits from each decoder are combined and stored in the ETDi. 

As can be seen from Figure 161 on page 386 there are 3 stages of muxing between the Tag Data register 
and the RS encoders or 2D decoders. Levels 1-2 are controlled by lexfell^mux and level2_rnux which are 
generated within the TDi FSM as is the write address to the ETDi bufTeisletd^wr^adr) 

Figures 167 through 172 illustrate the m^pings used to store the encoded fixed and variable tae data in the 
ETDI buffers. 
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19 IB.. 


..10 


39 38.. 


.. 21 2C 


59 56.. 


..4140 
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.-ei6c 


99 96.. 


..dt8C 


119116 


.101 IOC 



d4 ds d2 dg dp 



wradr(5:0) 



TE_tagdata( 119:0) 




dO to d9 are efx»ded and stored 
during cycles N ta 



P9 Ps P7 P6 Ps P4 P3 P2 Pi Po d4d3dgd^do 

I RSI I ^ 1 Pis Pta Pl7 Pl6 Pl5 Pl4 Pl3 Pl2 Pl1 PlO dg da tf? <<6 <^5 

' wradr(5:0) 



di4di3di2dn di 



ss. 



dl9^t8<^17tflBdi5 



^^^^^J ^9SO | -» |P29P28P27P26P2SP24P23Re2P21 P20 <^14 ^13 <<I2 dn d|( 



I P39 P36 P37 P3g P3s P34 P3a P32 P3t P30 d|9 d^a d^y dte d,s 



dIO to dt9 are encoded and stored 
duflng cycles N«15 to N-^29 



^24 «%3 d22 d2i djo 



<*a9 <^a d27 d2s 



codewords 

I codeword 2 J 
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12 
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10 
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Figure 167. Mapping of the tag data to codewords 0-7 
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J3 



wfadr(5:0) 



T^.tag<fatB(11 



da d7 de ds 




RSI j — ►! Pi9 Pia Pi7 Pifi Pts Pi4 Pi3 Pia Pii Pio dg da <37 dg ds 



do ID d9 are encoded and storad 
during cydee N to N+14 



oDoeworae*— ^ 

Figure 168. Coding and mapping of uneoded Rxed Tag Data for (15.5) RS encoder 





P19P9 




Pie Pa 




Pi7 Pr 




PiaPa 




P15P5 




PU P4 




Pl3P3 




P12P2 




Ptt Pi 




P10P0 




d9d4 




da da 




d7d2 




dadf 




dsdo 


codeword? J ^ 

codeword 6 ' 


15,5) RS encoder 
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dg d0 dy dg dj 


di4 di3di2 d,i d,o 


di9d,3d,7 d|gd|5 
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d29d28dz7d26d2S 



do \o d2g are stored 
during cydes N to N-»>14 
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Figure 169. Mapping of pre-coded Fixed Tag Data 
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do ID tfl 3 are encoded and stored 
during cydeeN to N+14 
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d14 to d27 are encoded and stored 
during cycfes N*15 to N+29 
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wradr(5:0) 



TE_tagdata(in:0} 




P3 P2 Pi Pq de ds d4 da d, tj^ 



Pi5Pi4Pt3Pi2Pii P<oP9 Pa d,3 d,2 dt , d|o <l9 dg dy 



dOtodia 

during eycies N to N'*>14 



Figure 171- Coding and mapping of uncoded Fixed Tag Data for (15,7) RS encoder 
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15,7) RS encoder 
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Figure 172. Mapping of 20 decoded Variable Tag Data 
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26.7.6 Reed Solomon (RS) Encoder 
26-7,7 Introduction 



i^^r^^A^^ iu * T "ock code. If a symbol consists of m bits then there ate q = 2" pos- 

sible symbols defimng the code alphabet. In the TE. m - 4 so the number of possible symbols is q = 16 
An (n.k) RS code is a block code with k infonnation symbols and n code-word symbols RS codes have 
the property that the code word n is limited to at most q+l symbols in length 

• TE_dataredun = 0 and TE_decode2den - 0, then use the (1 5^ RS coder 

• 7'£Lrfa/a«rfun = l and 22L<fecorfe2ffen = 0. then use the (15,7) RS coder 

1° ^^^'^f^ with m = 4. k 4-bit infonnation symbols applied to the coder produce 15 4-bit code 
A simple block diagram can be seen in. 



nuiiuniyig|4i - i \ \ mu\\\mu \ — ^ 



RS (n.k) encoder 
symbol size m=4 



1 2 n-l n 

4iMJuniflmip -- n m5u ii ma i 



Figure 173. Simple block diagram for an m=4 Reed Solomon Encoder 

26.7.8 I/O Specification 

A I/O diagram of the RS encoder can be seen in. 



pdk 



prsUi 



rs_data_ln(3:0] 



enable 



T^dataredun 



Reed Solomon Encoder 



i^datB,^ 3:0] 



Figure 174. RS Encoder I/O diagram 

26.7.9 Proposed implementation 

In the case of the TE, (15.5) and (15,7) codes are to be used with 4-bits per symbol. 

The primitive polynomial is p(x) = + x + 1 

In the case of the (15,5) code, this gives a generator polynomial of 

g(x) = (X4a)(x4^^)(x+a3xx+a^)(x+a5)(x4^«)(x-»^7j(x+a8)(x+a^(x+al0) 

g(x) = X»0 + aV + a^x« + a^7 ^ ^6^6 + ^14^5 + ^2^4 ^ ^3 ^ ^6^2 + 3^ + ^10 
• 8(x)"x'0-hgc^^ + g8X« + g^X^ + g^x<^ + g^x^ + g^x^ + g3x3 + g2x2 + g,x + go 
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In the case of the (1 5,7) code, this gives a generator polynomial of 

h(x) = (x+a)(x+a2)(x+a3Xx-Hi'»Xx+a5)(^+a«)(x+a')(x+a8) 

h(x) = x» + a"x7 + aV + aV + aV + a'V + aV + a"x + a« 

h(x) = x« + h7x' + h<5X« + hjx* + + hjx' + hjx^ + hix + ho 

This division is accomplished using the circuit shown in Figure 175, 




oontrol_5 
niux2|r 



Or 




(9>ifenocas an mufti'plerttiat 
^onAipiios Ga»oi3 ReM eletnents 

0d cn ote» an adder tfiat 
adds Gaierfs Field elements 



GontJO^T — IS\ 



r^dataradun 



fs_dalajn(3:0) 



««^L^ 



n.daia^out(3:0) 



Rflure 175. (15.5) & (15,7) RS Encoder block diagram 

s.t?.^i.t:ett;ptin^^^^^^^ 

SlZ^'aS";!!^^^!'" '^'-'^ ''''' '^^ "^"^"^ is n«de by the agisters 

Wl^<^ting in (15.5) mode contrvL7 is always zero and when opeiating in (15.7) mode control_S is 

FirsUy consider (15,5) mode i.e. m_dataredun is set to zero. 
For each new set of 5 input symbols, procesang is as foUows: 

The 4-bite of the first symbol dg are fed to the input port rs_datujn0:0) and contn,U is set to 0. mux2 is 
setwas to usethe output as feedback. «,«/n./_5 is zero so selects the inputt/? data inUs^o^- 

U ™f^^T 1 '"P"^,^'* t'^e '^ta has settled the shift registers are clocked again This 

Aft^^W T ^ "^^^ ^/^^ As a result, the first 5 outputs are the same as^e inpu^ 

wf ^ 1 ^ "^^^^ """^ *® 10 required outputs. controLS is set to 1 for the next 

10 cycles so that zeros arc fed back by mux2 and the shift register values are fed to the output by «S 
and mux4 by simply clockug the registers. "7 
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A tuning diagram is shown below. 




Figure 17«. (15.5) RS Encoder timing diagram 

Secondly consider (1 5,7) mode i.e. TEJUuandkm is set to one. 

In this case processing is similar to above except that control 7 stays low while 7 svmbols (d d d\ 

cycles. controL7 is set to 1 and the contents of the shift registers are fed to the output. ' ^ 
A timing diagram is shown below. 




coniro4_7 



Figure 177. (15.7) RS Encoder timing diagram 
The enable signal can be used to start/reset the counter and the shift registers. 

I^.^ ^Ti^ ^''^'^ ^'"^e «^ 0° « "^S edge. After 15 symbols have 

Alternatively, once the enable goes high the shift registers are reset and encoding will proceed untU it is 

1^11 a'ra'S-^^rrlh r T"^' " -^o^^- ^^c-^c^nU^o^ly 
output at a rate of 1 symbol per cycle, evea over a few codewords. 

Alternatively, the RS encoder can request data as it requires. 

V'^al^^lTTf """'"^ '''' ^ """^ ^^"^^^ '""^^ ^ ^^<^ out within 63 cycles 

• load one tag's raw data into TEjtagdata v/vica 

• encode the raw tag data 

• store the encoded tag data in the Encoded Tag Data Interface 

Ih^^ .Wl'/f ' ""^^"^ "^"^ the start of a page, there is no definite perfonnance criterion except 
tnat It should be encoded and stored as fast as possible. 
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26,7.10 Galois Field elements and their representation 

A Galois Field is a set of elements in which we can do addition, subtraction, inultipHcation and division 
without leaving the set. ^ f « 

The TE uses RS encoding over the Galois Field GF(2^ There are 2^ elements in GF(2^) and they an^ gen- 
erated using the primitive polynomial p(x) = x^ + x+ l. 

The 16 elements of GF(2'») can be repiresented in a number of diflFerent ways. Table shows three possible 
representations - the power, polynomial and 4-tuple representation. 



Tabfe 129. GF(2*) representations 









0 


0 


(0000) 


1 


1 


(100 0) 


a 


X 


(0 100) 






(0 0 10) 


ce 


X* 


(0 0 01) 


a-* 


1 +X 


(1 1 00) 


oS 


X + X^ 


(0 110) 


a» 


X^ + X^ 


(0 011) 


a' 


1+X +X3 


(110 1) 


a" 


1 +X2 


(1010) 


a" 


X +X' 


(0 10 1) 


a'O 


1+X + X2 


(1110) 


a" 


X + X^ + X^ 


(0 111) 


o« 


l+X + X^ + X^ 


(1111) 


1 a" 


1 i-X^ + X' 


(10 11) 




.1 +X3 


(1001) 



26.7.1 1 Multipf ication of GF(2^) elements 

The multipHcation of two field elements a* and a** is defined as 
= a*.a*> = a^***^^^*^'® 15 

Thus 

So if we have the elements in exponential form, multiplication is simply a matter of modulo 15 addition. 
If the Clements are in polynomial/tuple form, the polynomials must be multiplied and reduced mod + : 

Suppose we wish to multiply the two field elements in GF(2^): 
a* « a3X^ + a2X^ + a,x^ + a© 
« bax^ + bjx^ + b,x* + bo 
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where aj, bi are in the field (0»1) (i.e. modulo 2 arithmetic) 
Multiplying these out and using x"* + x + 1 <= 0 we get: 

o^'*'^ = ((aob3 + aibj + ajb, + ajbo) + ajbjjx^ 

+ [(aobj + ajb, + a2bo) + ajbj + (ajbj + ajba^x^ 
+ [(aob| -f- aj bo) + (ajbj ajbj) + (aj b3 + ajbj + a3bi)]x 
[(ao^o + a|b3 + a2b2 + a3b,)] 
ct*** = [aob3 + ajbj + aab, + a^Cbo + b3)]x^ 

+ [aob2 + a|b, + ajCbo + h^) + a3(b2 + b3) ]x^ 

+ [aobj + a,(bo + bj) + azCbj + bj) + a3(b, + bj) ]x 

+ [aobo + a,b3 + a2b2 + a3bi] 



If we wish to multiply an arbitrary field element by a fixed field element we get a more simple form. Sup- 
pose we wish to multiply a** by a^. 

In this case - x^ so (aO al a2 a3) = (0 0 0 1). Substituting this into the above equation gives 

Ct*' = (bo + b3)x^ + (b2+b3)x2 4-(b, +b2)x + b, 

This can be implemented using simple XOR gates as shown in Figure 178 

^3 t>2 b, bo -a* 



e3 

•dushn OR gate 



Figure 178. Circuit for muHiprying by 



26.7.12 Addition of GF(2*) elements 

If the elments are in their polynomial/tuple form, polynomials are sinqjly added. 
Suppose we wish to add the two field elements in GF(2^): 

(X* = a3X^ + a2X^ + aix + ao 

d** = b3X^ + bjx^ + b,x + bo 
where a^, bj are in the field (0,1) (i.e. modulo 2 arithmetic) 

a^ = a* + a'*«(a3+b3)x^ + (a2 + b2)x2 + (a, + b,)x + (ao + bo) 
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Again this can be implemented using simple XOR gates as shown in Figure 179 



as 



^ "l*J*' ^ 



® eKdusfvB OR gatd 



Ffgure 179. Adding two field elements 



26.7*13 Reed Solomon Implementation 



The designer can decide to create the relevant addition and multiplication circuits and instantiate th«m 
where necessary. Ahematively the feedback multiplica^^^ "^""""^'^ '^'"^ 

Consider the muitipltcation 



or in terms of polynomials 



(a3X + a^x^ + a,x + a^l(b^j} + bzx^ + b,x + bo) = (cjx^ + C2x2 + c^x + cq) 



,10 



rl3 



(1000) 



(0 100) 



(0010) 



(0001) 



(1 100) 



(0 110) 



(001 1) 



(110 1) 



(1010) 



(0 10 1) 



(1110) 



(0 111) 



(1111) 



(1011) 



bo 



bz+ba 



bi+ba 



bo+bi+b3 



bg+b3 



bs+bg 



bi+b2 



bo^^^^3 
bo+bg 



bi+bg 



bo+ba 



bi+ba 



bo+br^bg 



bi+fag+ba 



bp+bg^ 



bi+bg+ba 



bo+b|4t)2+b3 



(10 0 1) 



bo+b,^2 



bo+b, 



the following signals are required: 
bo, bj,b2, b3. 



bo+b|+byi*3 



bo+b^+^ 



bo+b, 



bo 



b3 



bi 



bo+bg 



bi-rt)2 



bo'ft>,+b3 



bo+bg 



bi-^ba 



bo+b2+t>3 



b,+b2^3 



bo+bi+^+bg 



bo+bi+b2 



bo+b I 



bo 



ba 



b^-fbg 



bz^ 



bi+ba 



bo+b,+b3 



bo+ba 



b,+b3 



bo+b2+b3 



bi+b2+b3 



bo^^-fbjrMDg 



bo+bi-fbj 



bQ+b^ 



bo 
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• ( bo+b,), (bo+b2). (bo+bj), (b,+b2). (b,+b3), (b2+b3). 

• (bo+bj+bj), (bo+bi+bj). (bo+bz+bj), (bj+bj+bj). 

• (bo+b,+b2+b3) 

The implementation of the circuit can be seen in Figure . The main components are XOR gates. 4*bit shift 
registers and multiplexers. 

The RS encoder has 4 input Imes labelled 0,1,2 & 3 and 4 output lines labelled 0.1,2 & 3. This labelling 
^rresponds to the subscripts of the polynomial/4.tuple representation. The mapping of 4.bit symbols 
from the TE^tagdata raster into the RS is as follows: 

- the LSB in the TE^tagdata is fed into lincO 

- the next most significant LSB is fed into linel 

- the next most significant LSB is fed into line2 

- the MSB is fed into line3 

The RS oi^ut mapping to the Encoded tag data interfece is simiUar. Two encoded symbols are stored in 
an 8-bit address. Withm these 8 bits: ^^^^ "* 

- iineO is fed into the LSB (bit 0/4) 

- linel is fed into the next most sigmficant LSB (bit 1/5) 

- iine2 is fed into the next most significant LSB (bit 2/6) 

- Iine3 is fed into the MSB (bit 3/7) 
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b,*bj 



bo^,*4)2 

bo+t>i 



t>7 
bHb 



bi*ba 



3; 3; 3; 3; 

"©njj a I <D* J A I a®* 



bo*bi 



ho 




controL5 



go(«^^) 91 (a) 92 (a«) 93 (a) 94 (a^) 95 (a'^) 96 (cx^) 9? (a^) 98 (a^) 99 («^) 



b,*ba 
bi*t>3 

bor*-b,4b3 



tV)*b3 

b, 

t>2 



bi 



bo*b, 
ba 

bj 



b,*b4 
bi*b, 
bto+ba 
eb*b,*b3 



b,*bj ) 
b»,*b,*t)r»b3 
b,*br^b3 
bj^br^ba 



a; 



bi*b2 

bj4b, 

bo+bj 



b2*ba 
b, 



□ 



44)Ushmregistttr 



<S-<SaUL.In<3:0} 



Figure 180. RS Encoder Implementation 



<9.<lata_out(3:0) 
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26.7.14 2D Decoder 



The 2D decoder is selected when TE^decode2den = 1. It operates on variable tag data only, its function is 
to convert 2^bits into 4-bits according to Table 131. luncuon is 

Table 131. Operation of 20 decoder 



mm 




00 


000 1 


01 


0010 


10 


0100 


1 1 


1000 



26.7,1 5 Encoded tag data interface 



^aJ^^ "^f 5^ ^'"""^r '^''"'^ ^ ^''^^^ ^ ^ interfece and an encoded variable 
tag data store interface, as shown in Figure 1 8 L vmaoie 



dataln 



idAdfO 



etdwB 



rdAdn 
wrAdr 



advTag 



ancotfed tag data Interiac 



9 



« 



^'2<Wbns 



y ''2(hibiis) 
I O idAdfO^ r 



rdAdrf ^ 



^•^4 (tow bits) 



encoded 

nxed 
tag data 



^dataln 8 

_outO 



outi V 



>> idAdrO. 
-r* — - ' 



9^ rdAdtl ^ 



y ^2011 Ms) 



avtdwo 



encoded 
variable 
tag data 



dataln 8 
I 



PutO 



' — 7*- 



advTag 



etdi 



etdO 



Figure 181. encoded tag data interface 
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The two reord units simply reorder the 9 input bits to map low-order codewords into the bit selection com- 
ponent of the address as shown in Table 132. Reordering of write addresses is not necessary since the 
addresses are already in Ae correct format. 

Table 132. Reord unit 




The encoded fuced data inter&ce is a single 1 5 x 8-bit RAM with 2 read ports and 1 write port As it is only 
written to during page setup time (it is fixed for the duration of a page) there is no need for simultaneous 
read/write access. However the fixed data store must be capable of decoding two simultaneous reads in a 
single cycle.Figure 1 82 shows the implementation of the fixed data store. 



fdAdrO : 



wrAdf ' 



itfAdfi 




bMs) 



(15x8 bit) 



outO 



Qtltl 



3(lob«s) 



Figure 182. encoded fixed tag data interface 

The encoded variable tag data interface is a double buffered 3 x 15 x 8-bit RAM with 2 read ports and 1 
write port. The double buffering allows one tag's data to be read (two reads in a single cycle) while the 
next tag's variable data is being stored. Write addressing is 6 bits: 2 bits of address for selecting I of 3, and 
4 bits of address for selecting 1 of 15. Read addressing is the same with the addition of 3 more address bits 
for selecting 1 of 8. 

Figure 1 83 shows the implementation of the encoded variable tag data store. Double buffering is imple- 
mented via two sub-buffers. Each time an .^^Tbg pulse is received, the sense of which sub-buffer is being 
read from or written to changes. This is accomplished by a 1-bit fiag called wrsbO. Although the initial 



Doc: SoPEC_hardware_design S3 Proprietary Document ^9 Nov 2002 

Version: 2.3 ^ Page 409 



SoPEC : Hardware Design 



J3 



nJAdrO- 
wrAdf- 



«vtcfw 



wrsbO 
(1 bit) 



=0 



•ncodad variable tag data Interlace 



variable 
tag data 
sub buffer 0 



variable 
tag data 
subbuffier 1 




1 



1 

•7^ 



Figure 183. Encoded variable tag data interface 



outO 



outi 



3flo bte) •"co<tod vartabte tag data aub buffer 




outO 



> outi 



Figure 184, Encoded variable tag data sub-buffer 
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26.8 Tag Format Structure (TFS) Interface 



26.8.1 Introduction 

The TFS specifies the contents of every dot position within a tags border i.e.: 

• is the dot part of the background? 

• is the dot part of the data? 

The TFS is broken up into Tag Line Structures (TLS) which specify the contents of every dot position in a 
particular line of a tag. Each TLS consists of three tables - A, B and C (see Figure 1 85). 
For a given line of dots, all the tags on that line correspond to the same tag line structure. Consequently for 
a given line of output dots, a single tag line structure is required, and not the entire TFS. Double buffering 
allows the next tag line stnicnirc to be fetched from the TFS in DRAM while the existing tag line stmctmi 
IS used to render the current tag line. 

The TFS interface is responsible for loading Ae appropriate Une of the tag format structure as the tag 
encoder advances through the page. It is also responsible for producing table A and table B outputs for two 
consecutive dot positions in the current tag line. 

O 31 



T^^tfsstartadr, 



Tag Format Structure 
for tag X 



The number of dot lines 
InaTag-n^l 



T^tfsendadr 



TLSX_0 



TLSX_1 



TLSX_2 



TLSX_n 



TLSXf1_0 



TLSX-»1_1 



TLSX^I 2 



TLS X-H_n 



TatiteA 

24x32<bits>768-b{ts 
(384erttriasx2<bit8} 



TcUMeB 

gx32*t)lts«28B-Ciit8 
f32 entriaa « ft^lte\ 



g'lo- - ^ 



-31 



23 
24 



32 



33 



TatileC 
lO-bits 

(2 entries x S-Mts) 



22-bits reserved and unused 



Figure 185. Breakdown of the Tag Format Structure 

There is a TLS for every dot line of a tag. 

All tags that are on the same line have the exact same TLS. 

A tag can be up to 384 dots wide, so each of these 384 dots must be specified in the TLS. 

The TLS information is stored in DRAM and one TLS must be read in to the TFS Interface for each 

line of dots that are outputted to the Tag Plane Line Buffers. 

Each TLS consists of 17 64-bits words. This is read from DRAM as 5 times 255-bit words with 192 
padded bits in the last 256-bit DRAM read. 



26.8.2 I/O Specification 

Table 133. Tag Format Structure Interface Port Ust 













pdk 


In 


SoPEC system dock 




prst_n 


In 


Active-low, synchronous reset in pdk domain 
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Table 133. Tag Format Structure fnterface Port Usi 




DRAM 



Go signal from TE top level 



iSiuJfsjrack 



diu_tfs_fvalicl 



tfs_jdiu_rreq 



«fe-.cliu_radf(ai:5I 



tag encoder top tevel 



top_advtagllne 



top.tagaJtsense 



topjastdotintap 



top^dotposvalid 



top_tagdotnumI7.-0] 



ttsLvalld 



tfeUa^dotO[l :03 



tfsLtajdot1[l:03 



In 



fn 



In 



Out 



Out 



Data from DRAM 



Data acknowlecUge from DRAM 



Data valid from DRAM 



Read request to DRAM 



Read address to DRAM 



fn 



In 



In 



In 



In 



Out 



Out 



Out 



tag encoder top lavel (PCU read decoder) 



Pulsed after the last line of a row of tags 



For even tag rows = 0 I.e. 0;2,4.. 
For odd tag rows = 1 I.e. 1,3^... 



Last dot in tag Is currently being processed 



Current dot position is a tag dot and its structure data and tag data Is 
available 



Counts from zero up to TE^tagmaxdoipaits (min. max. ^ 192) 



TLS tables A, B and C, ready for use 



Even entry from Table A corresponding to top.tagdotnum 



Odd entry from Table A con-espondlnp to top-.tagdotnum 



Jfe_te,tfsstartadrt23.-0) 



tfs_te_tfsendadrt23.-01 



tfs_te_tfsfirBtgnea dif23:0] 

tf8,te^currtfeadft23.t)] 

TO 



Out 



Out 



Out 



Out 



TPS tfsstartadr register 



TPS tfeendadr register 



TPS tfefirstfineadr leglster 



TPS cunrtfaadr register 



tfsi,tdLadtOfB:0] 



Out 



tfeiJtdLadr1(8:03 



Out 



Read address fbr dotO (even dot) 



jead address for doti (odd dot) 
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26,8.2.1 State machine 



The state machine is responsible for generating control signals for the various TFS table units, and to load 
the appropriate line from the TFS. The states are explained below. 

idie> Wait for top^o to become active. Pulse advjfsjine for 1 cycle to reset tawradr and tbwradr regis- 
ters. Pulsing advjfsjine will switch the read/write sense of Table B so switching Table A here as well to 
keep things the same i.e. wrtaO = liOl{wrta0). 

diu_access> In the diu.access state a request is sent to the DIU. Once an ack signal is received Table A 
write enable is asserted and the FSM moves to the tlsjoad state. 

tlsJoad> The DRAM access is a burst of 5 256-bit accesses, ultimately returned by the DIU as 
5 (4*64bit) words. There will be 192 padded bits in the last 256-bit DRAM word. The first 12 64.bit 
words reads are for Table A, words 12 to 1 5 and some of 16 are for Table B while part of read 16 data is for 
Table C. The counter read_num is used to identify which data goes to which table. The table B data is 
stored temporarily in a 288-bit register until the tls^update state hence tbwe does not become active until 
readjium« 16). 

• The DIU data goes directly into Table A (12 ♦ 64), 

• The DIU data for Table Bis loaded into a 288-bit registet 

• The DIU data goes directly into Table C. 



tls^update> The 288.bits in Table B need to written to a 32*9 buffer. The Us.update state takes care of this 
using the read^num counter. 

tls^nexn- This state checks the logic level of tfsvalid and switches the read/write senses of Table A (wrtaO) 
and Table B a cycle later (using the advjfsjine pulse). The reason for switching Table A a cycle early is 
to make sure the topjevel address via tagdotnum is pointing to the correct buffer. Keep in mind the 
topjevel is working a cycle ahead of Table A and 2 cycles ahead of Table B. 

If tfsValid is 1. the state machine waits until the odvTagLine signal is received. When it is received, the 
state machine pulses advTFSLine (to switdi readAvrite sense in tables A, B, C), and starts readine tiie next 
line of the TFS from currTFSAdr. 

If tfsValid \s 0. the state machine pulses advTFSLine (to switch read/write sense in tables A. B. C) and then 
jumps to the tls.tfsvalid.sct state where the signal tfsValid is set to 1 (allowing the tag encoder to start or 
to continue if it had been staUed). The state machine can then start reading tiic next line of the TFS from 
currTFSAdr, 

tls_tfsvalid.next> Simply sets the c/Jva/i</ signal and returns the FSM to the diu.access state. 



If an OdvTagLine signal is received before the next line of the TFS has been read in. tfsVaOd is cleared to 0 
and processing continues as outlined above. 
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The TFS state flow diagram is shown in below.. 

too on = ft 



^ idle ^ 



too nn^1 



tfsvalfd ^ ^ ft^j^ 
top advtegffnft. 



"•^^ cfiu^access ^ 



^ tisjoad ^ 



leaiLixunLsJfi 



^ tls,update ^ 



read num ^ 3^ 









next ^ 




tfs valid = 0 




r 



-^s.tfsvaPcLset^ 



26.8.3 



Flflure 186. TFSI FSM state Flow Diagram 
Generating a tag from Tables A. B and C 

known as a Tag Line Stnicture. - * ™„xcs cnai speciiy a single dot-line of a tag are 

^^^SrSS:. '^Z rc*' " -^-"-"^ box. E.C. TLS ^u.^ ^ 
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The total length of each 



Table 134. fnterpretaUon of bitO from entry In Table A 




the output bit comes directiy from btti (see Table ) 



tf>e output bit comes from a data bit. Biti is used in coniunrtinn uSKT^m 

Structure Table B to determine which data l^^l Se^CI^" ^ ""^ 



Table 135- Interpretation of bitl from entry In table A when bftO = 



l^^H^l'!"!'^^^" °^ ""^ ^"^ A when bitO = i 




o«i<pwoa«Dii pointed to by curmm index toto Table B. and advaneahH^ 



Therefor., up to 32 different data bits ZXpZ7^l^^f^^"^JZ°^ " of appearance, 

will be given by the addtess stored in entJSTf ?aJle B wL? of die first data dot in a tag 

will advance through the various Table flStriw ^ 

address decoding, the addresses are ^^L S^. p c !. 1^ * ^"'^^ "^^^ bits. To aid 
9-bit addresses. ^ °° ^ Table lists the interpretation of the 



Ii!u'1!!jL!!!'^?'^*""?? °^ ^"'^ address In Table 8 




Select 1 of 8 codewords. 
Codewords 0.1 . 2. 3. 4, 5 are variable data 
Codewords 6. 7 are fixed data. 
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TaMe 137. Interpretation of 9.blt tag data address In Table B 



Select 1 of 15 symbols (1111 Invalid) 




Select 1 of 4 bits from the selected symbols 



a?^^ L ^ to the TE m an unencoded form, the symbols derived from codeword 0 of fixed 
A ° codeword 6 and the symbols derived from fixed data codewoid 1 are written io coh!. 

word 7 The data symbols are stored firet and then the remaining redun^llb^ 'a St' 

lI^!^I!L!S. y ?,'^^!!!!^'^"'! '°"' "° '«*"n«toncy encoding 









0-19 


0-4 


6 


20-39 


0-4 


7 


40-59 


5-9 


6 


60-79 


S-9 


7 


80-99 


10-14 


6 


100-119 


10-14 


7 



..»™poi»n ioootetluloi=ml«Tr«la,onofwtl from Table A (when bi» - 1) is ntatt™ AS.hliinA,. 
possible m,t«l indexes since there are effectively two types of rows of tags in terms of initial offseT 
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26.8.4 Architecture 

A l*)ck diagram of the Tag Format Structure Interface can be seen in Figure 1 87. 
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Figure 187. TFS Block Diagram 
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26.8,4.1 TabiB A interface 



T. . r;^:i>-_'^_»^'RAM i. temj ™„„ „ Witt a,. ^, ito.'/,Si. A 



advTFSLine_ 



taRdAdr 



data In 



64 



AdrGen 



Table A 
interface 




16x64-bft5 
table A (0) 



adr 



datafn 



16x64-btts 
table A (1) 




t«^d6i0_lcyclebter 
<^ilot]_lc>clebicr 
^ 



Zjbfts 1&0) 



2^bits 3&2) 
7^ 



taEven 
— ► 



fc ^ ^ J ^ _ 

Figure 188, Table A interfece block diagram 

IS?nf^l? I"" ^ P"^'^ ^^^^^"^ = ^> ^ P^sed to the top level 2 cycles after the 

hence this extia legistenng stage for the generation of t^dotO^icyclelatTand ta.dotl.lcydefato: 

^.fj^' I accomplished by a 1-bit flag called wrtaO. Although the initial state of wrtaO is irrelevanL 
ii^t frSe72'l> "^r^ ^^vTF^^/ne pulse. A 4.bit colter called tafVrAr^e^sl^ :^^ 
^^^ r£^Ji V ' ^J^y" after the start of each line (specified by ^oAdvrFSLine control inZ) 
TTie rawe (table A wnte enable) input is set whenever the data in is to be written to table A The /IS. 

with each write to table A. A^Si^ntl^^n 



taWrAdr is shown in Table 1 89. 



advTFSLme - 



wrtaO 
(ibft) 



Cable A 
gen 



taWrAdr 
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26.8.4.2 Table C Interface 

A block diagram of the table C interface is shown below in Figure 190. 



tewe 



tagAltSense 



advTFSUne 



dotRDsVblid 



datatn 



lastOoUnTag 



^10 



table C 
(10 bite) 




fnO 



In1 



>^2 



AdfGen 




tsbtoC 
tntarfece 



ttlRdAdrl 
► 



tt>RdAdrO 
► 



Figure 190. Table C interface block diagram 
Table 139. AdrCen lookup table 





ms^m 














uu 


00 
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X 
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00 


01 


X 
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00 


10 


X 


X 
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00 


11 


X 
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01 


00 
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X 
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01 


01 
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01 


10 
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01 


11 
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10 
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10 
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1. X = dont care state. 



26.8.4.3 Table B Interface 

The table B interface implementation generates two encoded tag data addresses (tfsi adrO tfsi oA-n 



tbRdAdiOi 



5^ 



ttR dAdrli 



advTF Slinei 



read nurn' 



(from TPS Fp4) 



(fata In ■ 



pdk 



e4 

-7^ 



ttowradf 



AdrGen 



I 



tablsB 



• > 



/'8 



tsbww 



adii. 



:0 



5^ 



dataln. 



table subB(0) 



A- 



datafn . 



32x9-lNts 
table siibB{l) 





tfsi adiO 




/ -» 

9 




table B 



Figure 191. Table B interface block diagram 

bf lnS^?.i^i'^^ ^^iil"'"'^^ ^^^"^^^ ^ ^P^"^ TFS FSM. Once all 288- 

Sis onlb^:^ "^^ '^ ^-^^^ <^'^^ ^2*9 register arrays 

Each timean AdvTFSLine pulse is received, the sense of which sub buffer is being read from or written to 
changes. This is accomplished by a 1 -bit flag called ^bO. Although the initial st5e^^" Z^X^x 
It must mvcit vq^on receipt of an AdvTFSUne pulse. inreievant. 

Note:- The output addresses firom Table B are registered 
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27 Tag FIFO Unit (TFU) 



27.1 Overview 

^! Z^^? R K^"^- '^^^ """"^ ^^''^ transfeired between the Tag Encoder (TE) 
S^l^^^' ^ ^'''^^^^S ''"ff^ring mechanistn and controls from both units, the iJerfac^s cleS 
between the data user and the data generator. 

The TFU is a simple FIFO interface to the HCU. The Tag Encoder will provide support for aibitraiv Y 
L'Tt^A"" TJ'i T^'' -aling of the tag dot data is perfLed atSSpm o^^^po 
.1 T^*^^ f'^^^ to the TE from the TFU to allow staUing of the TE durinHa line TF 
mterfeces to the TTOwithadatawidthofSbits. The TFU interfaces to the HcSvdth^^ 
The depth of the TFU FIFO is chosen as 16 bytes so that the HFO can store a single 126 dot tag. 

27.1 .1 Interfeces between TE, TFU and HCU 



TE 



te_tfi4.¥vdata 


TFU 

8 


t8_tfu_wdata 




tftj_te_olctow 
4 


1 

to 


to_tfu_WTaCtv 


ine 




1. 



FIFO 



hcisjh _advdot 



itfu_ha 


_tdata . ^ 


tfiUxa 


.avail 



HCU 



Figure 192. Interfaces between TE. TFU and HCU 

27.1.1.1 TE'TFU Interface 

The interface from the TE to the TFU comprises the following signals- 

• '«-CW_M/d5ato, 8-bit write data, 

• te_tfu_wdata\alid^ write data valid. 

• te_tfu_wradvline, accompanies the last valid 8-bit write data in a line. 
The intCTface from the TFU to TE comprises the following signal: 

• tfu^te^oktowrite, indicating to the TE that there is space available in the TFU FIFO. 

The TE writes data to the TFU RFO as long as the TFU's tfujte^ohowrite output bit is set The TE write 
will not occur unless data is accompanied by a data valid signal. ou is sci, i ne i u wnte 

27.1.1.2 TFU-HCU Interface 

The interface from the TFU to the HCU comprises the following signals- 

• tfujicujtdata, l*bitdata. 

• tfujicu^avail data valid signal indicating that there is data available in the TFU FIFO. 
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The interface from HCU to TFU comprises the following signal: 
• hcu_tfu_reeufy, indicating to the TFU to supply the next dot. 



27.1.1.2.1 X scaling 



"^^^^ ^ convert the final output to 

SicatL ^t^? ^i^FU which support non-integer scaling, the scaling is integ^only 

Replication in the X direction is performed at the output of the TFU FIFO on a dot-by-dot basis. 

To account for the case where there may be two SoPEC devices, each generating its own portion of a dot- 
rmi S n'°,* ^ «P»«=«ted the total scale-factor number of times by an individual 

l^' ^ V"" i^t™^«'y b« scaJed-up correctly with both devices doing part of the scaling, one on its 
lead-out and the other on its lead in. e, 

Note two SoPECTEs may be involved in producing the same byte of output tag data straddling the print- 
head boundary TJe HCU of the left SoPEC wUl accept from its TE the conSamount of d^ ignSg 
any dots m the last byte that do not apply to its printhead. The TE of the right SoPEC wUl be programmed 
^onect number of dots mto the tag and its output wUl be byte aligned with the left edge of the print- 
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27.2 Definitions of I/O 

Table 140. TFU Port Ust 



Clocks and Resets ~~ ' 


pdk 


1 


rn 


SoPEC Functk>nal dock. 


pfst^n 


1 


In 


Gtobal reset signal. 


PCU Interface data and control signals 


pcu_addr(3:2] 


2 . 


In 


PCU address bus. Only 2 bits are required to decode the 
address space for this block. 


pcu_dataoiJt(31:0} 


32 


In 


Shared write data bus from the PCU. 


. tfu^u_datain{3l:0J 


32 


Out 


Read data bus from the TFU to the PCU. 


pcu_rvvn 


1 


In 


Common read/not-write ^gnal from the PCU. 


pcu_tfu_8ef 


1 


In 


Block select from the PCU. When pcu^tfu_S3lis high both 
pcu_adc/rand pcu^dataout are valid. 


lfuj)cu_fdy 


1 


Out 


Ready signal to the PCU. When mu>C£/_/dy is high it Indi- 
cates the last cyde of the access. For a write cyde this 
means pctLdafaouf has been registered by the bkKk and 
for a read cyde this means the data on tfuLPCtJudataUf is 
vafid. 


TE Interface data and control signals 


te_tftj_wdataI7:0] 


8 


In 


Write data for TFU FIFO. 


te_tfu_wdatavalid 


1 


In 


Write data valid signal. 


tejtfii.wradvtine 


1 


In 


Advance tine signal strobed when the last byte In a One is 
placed on eiSLlA/ wdsta 


tfu_te_<rictowTftG 


1 


Out 


Ready signal indicating TFU has space available in Ifs FIFO 
and is ready to be written to. 


HCu interface data and control signals 


hcu_tfu.advdot 


1 


in 


Signal indicating to the TFU that the HCU is ready to accept 
the next dot of data from TFU. 


tfu_hcu_tdata 


1 


Out 


Data from the TFU FIFO. 


tfu_hcu_avail 


1 


Out 


Signal indicating vaBd data available from TFU RFO. 



27,3 



CONFIGURATION REGISTERS 

Table 141. TFU Configuration Registers 



Control regist 


era 








0x00 


Reset 


1 


1 


A write to this register causes a reset of 
the SFU. 

This register can be read to indicate the 
reset state: 

0 - reset in progress 

1 - reset not in progress. 
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Table 141, TFU Configuration Registers 




see 
text 



Setup registers (contant during procesaing of page) 



Writino 1 to this register starts the TFU. 
Writing 0 to thfa register halts the TFU. 
When Go is deasserted the state- 
machines go to their Idie states but ail 
counters and configuration registers keep 
their values. 

When Go is asserted all counters are 
reset, but configuration registers keep 
their values {i.e. they don't get reset). 
The TFU must be started before the TE is 
started. 

This register can be read to determine it 

the TFU is runnfr>g 

(1 = running, 0 = stopped). 



0x08 



OxOC 



0x10 



0x14 



XScaie 



XFracScale 



TEByteCount 



HCUOotCount 



12 



15 



Tag scale tactor in X direction. 



Tag scale factor in X direction for the first 
dot In a line 



The numberof bytes to be accepted fix^m 
the TE per line. Once this number of bytes 
have been receh^ed subsequent bytes are 
ignored until there is a strobe on the 



The number of (optionaily) x-scaled dots 
per line to be supplied to the HCU. Once 
this number has been reached the remain- 
derof the current FIFO byte is ignored. 



27.4 Detailed description 



is a ^VoL^SLt T-'*'^:?" ? ^ ^" ^ J8non:d until there 

IS a strobe on the te_gfii_wradvlme signal, whereupon bytes for the next line are stored. 

oTll^e Sl^fttrf^^XstS"' '^""^ ^ ^ 



Doc: SoPEC«hardware_deslgn 
Version: 2.3 



S3 Proprietary Document 



« Nov 2002 
Page 424 



SoPEC : Hardware Design 



bdw*'^^'"" ^'Snals between the TFU and the TE and HCU is detailed 

RIbWrPtr- 



I RdBit 



r: 



FifoRdPtr 



tftj^hcu.tdata 

RdBft 



Figure 193. 16-byto FIFO In TFU 

// Concurrently Executed Code: 

// ^tlt^fot llTf '° "^^"^^ «i«=her (a) roam or (b) no room and all 

// bytes for that line have been received. 

if UFifoCntnte l« FifoMa^) OR (FifoCntnts FifoMhx and ByteToRx == 0)) then 

tfu_to_oktowrite » 1 ^ t i 

else 

tfu_te_oKtowrit© = 0 

// Data presented to HOJ when there is (a) data in FIFO and (b) the HCa has not 

// received all dots for a line 

if (FifoCntnts m 0) AND (BitToTx != 0)then 

tfu_hcu_avail ^ 1 
else 

tfu_hcu_avail « 0 

// Output mux of FIFO data 
tfu-hcu_tdata « Fifo[FifoRdPntHRdBit] 

// Sequentially Executed Code: 

" f^fX?!*^*^^!?^" " V tl'ifocntnts != PifoHax) AND <ByteToWc .= 0) then 

FicoiFxcoWrPnt-j = te^tfu^wdata 
Flfo9A:Pnt 4-4- 
FifoContents 
ByteToRx — 

If Cte.tfu^wradvline e= i> then 
ByteToRx = TEByteCount 

if (hcu_tfu_advdot 1 and FifoCntnts != 0) then ( 
BitToTx ♦+ 

if (RepFrac == 1) then 
RepFrac = Xscale 
if (RdBit = 7) then 
RdBit = 0 
FifoRdPnt 
FifoContents — 
else 

RdBit^^- 

else 

RepFrac - - 
. if(BitToTx == 1) then ( 
RepFrac = XFracScale 
RdBit = 0 
FifoRdPnt 
FifoContents-- 
BitToTx = HCUDotCount 
) 
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28 Halftoner Compositor Unit (HCU) 

28.1 Overview 

^lunf of th' ^'""P^***^' ^"^^ <?CV) P™«*"<=« dots for each nozzle in the destination printhead taking 

^^I^ti?! f '^'^'^^'''"^ *^ CFU must be dithered to a bi-ievel representation ?te 

^dTat a 1/L^/'''r P^"'^*''' °" '«°^P«» « o"tP^ planes o.^! 

(DNQ. * *° ^^'^ printing pipeline, namely the dead nozzle com^nsXr 

28.2 Data flow 

SS^o^th? rPi,''KT'*,**°* ""^'^ »f «CU. The HCU reads contone 

data from the CFU^bi-level spot data from the SFU. and bi-level tag data from the TFU Dither matrices 
are read from the DRAM via the DIU. The calculated output dot (6 bits) is read by the DNC 



contone RFO 
unit intefface 



ORAM 
Interfeceunrt 



4- 
4- 




control 

— lailr 








data 













'8 J'e 



spot 
FIFO unit 



tae 
RFO imit 
interface 



Halftoner / Compositor Unit 



/'8 



dead 
nozzta 
compensator 



Figure 194. High level block diagrain showing the HCU and its external interfaces 

^^tXTr^oln^^lA •nargins). and is only started once for the page. It does 

not need tol,e progranuned m between bands or restarted for each band. The HCU will stall aoDronriatelv 
If Its mput buffers are starved. At the end of the page the HCU will continue to pr^ucfbfrJSdo?^ 

The HCU perfonns a linear processing of dots calculating the 6-bit output of a dot in each cycle Tlie man- 
the spotO layer over the appropriate contone layer (typically black), the niei^of CMY into K fif K is 
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28.3 ORAM STORAGE REQUIREMENTS 



SoPEC allows for a number of different dither matrix configurations up to 256 bytes wide. The dither 
matnx IS stored m DRAM. Using either a single or double-buffer scheme a line of Ae dither maSx mu^ 
be read m by the HCU over a SoPEC line time. SoPEC must produce 13824 dots per line for A4/uZ 
pnntmg which takes 13824 cycles, "uc lor /^n/i^uer 

dSer°maS^ ^"^^"^ "^"^ bandwidths requirements/or some of the possible configurations of the 

• 4 Kbyte DRAM storage required for one 64x64 (preferre^^ 

• 6.25 Kbyte DRAM storage required for one 80x80 byte dither matrix 

• 16 Kbyte DRAM storage required for four 64x64 byte dither matrices 

• 64 Kbyte DRAM storage required for one 256x256 byte dither matrix 

Note that regardless of the width of the dither matrix, 256 bytes are always read from DRAM for each line. 



Doc: SoPEC.hardware^design 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 428 



SoPEC : Hardware Design 



28.4 Implementation 

A block diagiBm of the HCU is given in Figure 195. 
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Figure 195. Block diagram of the HCU 
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28.4,1 Definition of I/O 



Table 142. HCU port list and description 









^lOQKS ana reset ' r-i-r-rrr 


pdk 


1 


In 


System dock. 


pr5t_n 


1 


In 


System reset, synchronous active low. 


PCU Interftice 




pcu.hcu_sel 


1 


In 


Block select from the PCU. When pcu_hcu_sel is high both 
pcicadr and pcu_dataout w valid. 


pcu^fwn 


1 


In 


Convnon read/not->vnte signal from the PCU. 


pcu_adi{7:2J 


6 


In 


PCU address Ixis. Only 6 bits are required to decode the 
address space for this block. 


pai_dataout[3l:0] 


32 


In 


Shared write data bus from the PCU. 


hcu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When hcu_pcu_ray \s high ft indicates 
the last cycle of the access. For a write cyde this means 
pcu^daUiout has been registered by the btodK and tor a read 
cyde this means the data on hcu jxxi_data is vaiid. 


hcu_pcujdata(31 :0] 


32 


Out 


Read data bus to the PCU. 


DIU Interface 


hcu_dlu_rreq 


1 


Out 


HCU read request, active high. A read request must be accom- 
panied by a varid read address. 


dfu_hcu_fack 


1 


In 


Acknowledge from OlU. active high. Indicates that a read 
request has been accepted and the new read address can be 
placed on the address bus. hcujdiujrafSr. 


hcu_diu_nLdf(21:5] 


17 


Out 


HCU lead address. 17 bits wide (256-bit afigned word). 


diu.hou_rvalid 


1 


In 


Read data valid, active high. Indicates that valM read data Is 
now on the read data bus, diu data. 


diu_data(63.-0) 


64 


In 


Read data from DJU. 


CFU Interface 


cfu_hcu_avail 


1 


In 


Indk:ates valid data present on cfu_hco_c(3-0]data lines. 


cfu_hcu__cOdataf7:0] 


8 


In 


Pixel of data in con tone plane 0. 


cfu_hcu_c1 data(7:0J 


8 


In 


Pixel of data In contone plane 1. 


cfu_hcu_c2data[7:0) 


8 


In 


Pixel of data in contone plane 2. 


cfu_hcu_c3data[7.*0] 


8 


In 


Pbeel of data in contone plane 3. 


hcu_cfu_advdot 


1 


Out 


Infonns the CFU that the HCU has captured the pixel data on 
cfu_hcu^c(3'0Jdata lines and the CFU can now place the next 
pixel on the data lines. 


SFU interface ■ 


8ni_hcu_avail 


1 


In 


Indicates valid data present on sfu_,hcu_sdata. 


8fu_hcu_sdata 


1 


In 


Bi-levei dot data. 


hcu_sfij_advdQt 


1 


Out 


Informs the SFU that the HCU has captured the dot data on 
sfu^hcu^sdata and the SFU can now place the next dot on the 
data fine. 


TFU Interface 


tfu_hcu_avaB 


1 


In 


Indicates valid data present on tfu hcu (data 


tfu_hcu_tdata 


1 


tn 


Tag dot data. 
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hcujrfu_advdot 


1 


Out 


Informs the TFU that the HCU has captured the dot data on 
tfu_hcu_Uiata and the TFU can now place the next dot on the 

data line. 


DNC interface 


dnc_hcu_rea<Jy 


1 


In 


Indicates that DNC is ready to accept data from the HCU. 


hcu^dnc.avail 


1 


Out 


Indicates valid data present on /iO((.d!nc_dSa(a. 


hcu_dnc.data[S:0] 


6 


Out 


Output bi-level dot data in 6 inic planes. 



28.4^ Configuration Registei^ 

The configuration registers in the HCU are programmed via the PCU interface. Refer to section 21 .8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registers in the 
HCU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus arc not required to decode the address space for the 
HCU. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of hcu^pcujata. The configuration registers of the HCU are listed in "Hible 143. 



Table 143. HCU Registers 













Control reglstei 


rs 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the HCU. 


0x04 


Go 


1 


0x0 


Writing 1 to this register starts the HCU Writing 0 to 
this register halts the HCU. 
When Go is asserted all counters, flags etc. are 
cleared or given thefr initial value, but configuration 
registers keep their values. 

When Go is deasserted the state-machines go to their 
idle states but all counters and configuration registers 
Iceep their values. 

The HCU should be started a^erthe CFU, SFU. TFU, 
and DNC. 

This register can be read to determine If the HCU is 
running 

(1 s running. 0 = stopped). 


Setup registers (constant for during procesaJng) 


0x10 


AvailMask 


4 


0x0 


Mask used to determine which of the dotgen units etc. 
are to be checiced before a dot is generated by the 
HCU within the specified margins for the specified 
color plane. If the specified dotgen unrt is stalled, then 
the HCU will also stall. 

See Table 144 tor Ijit allocation and definition. 


0x14 


TMMask 


4 


0x0 


Same as AvailMask, but used In the top margin area 
before the appropriate target page is reached. 


0x18 


PageMarginY 


32 


0x0000_ 
0000 


The first line considered to be off the page. 


OxIC 


MaxDot 


16 


0x0000 


This is the maximum dot number * 1 present across a 
page. F6r example if a page contains 13824 dots, 
then /MaxOofwitl be 13823. 
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m 






0X20 


lopMargjn 


32 


0000 


The firsi line on a page to be considered within the 
target page tor contone and spot data. (0 = first 
printed line of page} 


0x24 


BottomMargin 


32 


0x0000_ 
0000 


The first One in the target bottom margin Ibr contone 
and spot data Q.e, first Gne after target page). 


0x28 


LeftMargin 


16 


0x0000 


The first dot on a line within the target page for con- 
tone and spot data. 


0x2C 


RightMangin 


16 


OxFFFF 


The first dot on a line within the target right margin for 
contone and spot data. 


0x30 


TagTopMargin 


32 


0x0000. 
0000 


The first Cne on a page to be considered within the 
target page for tag data. (0 first printed line of page) 


0X34 


TagBottomMargln 


32 


0x0000. 
0000 


The first Dne in the target bottom margin for tag data 
(l.e. first One after taiget page). 


0x38 


TagLeftMaigin 


16 


0x0000 


The first dot on a line wHhih the target page for tag 

data. 


0x3C 


TagRIghtMargin 


16 


OxFFFF 


The first dot on a line within the target right margin tor 
tag data. 


0x40 


DMReadEnabiG 


1 


0x0 


1 if a dither matrix Is specified 
0 if a dither matrix is not specified. 


0x44 


StarlDMAdr 


17 


0x0^ 

UUvU 


Points to the first 256-blt word of the first line of the 
anner matrix in DRAM. 


0x46 


EndDMAdr 


17 


0x0_ 
0000 


Points to the last 256-btt word of the last Kne of the 

dither matrix in OBAM. 


0x4C 


Unelncrement 


5 


0x2 


The number of 256-bit words In DRAM from the start 
of one line of the <£ther matrix and the start of the next 
I^e. i.e. the value by which the DRAM address Is 
incremented at the start of a line so that it points to the 
start of the next line of the dither matrix. 


0x50 


DMlnhlndexCO 


8 


0x00 


Initial Index within 256-byte dither matrix Una buffer for 
contone plane 0. ff using double-buffer scheme, only 

thA 7 I^Ka ArA ttAArl 


0x54 


DMLvtfrfndexCO 


8 


0x00 


Ijower index within 256-byte dither matrix line buffer 
for contone plane 0. If using douWe-buffer scheme, 
only the 7 Isbs are used. 


0x58 


DMUprindexCO 


8 


0X3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 0. After reading the data at this 
locafion the index wraps to DMLwrtndexCO. If using 
double-buffer scheme, onfy the 7 Isbs are used. 


Ox5C 


DMInitlndexCl 


8 


0x00 


Initial index within 256-byte dither matrix One buffer for 
contone plane 1. If using doui>(e-buffer scheme, only 
the 7 Isbs are used. 


0x60 


OMLwrlndexCl 


8 


0x00 


Lower index within 256-byte dither matrbc line buffer 
for contone plane 1 . If using double-buffer scheme, 
only the 7 Isbs are used. 


0x64 


DMUprindexCl 


8 


Ox3F 


Upper Index within 256-byte dither matrix line buffer 
for contone plane 1 . After reacfing the data at this 
focation the Index wraps to OMLwrlndexCl, If using 
double-tniffer scheme, only the 7 Isbs are used. 
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Tabfe 143. HCU Registers 




0x68 


0MlnitlndexC2 


8 


0x00 


Initial index within 256-byte dfthef matrix line buffer for 
contone plane 2. If using double-buffer schenrie» only 
the 7 Isbs are used. 


oxdC 


OMLwi1rtdexC2 


8 


0x00 


Lower index within 256-byte dither matrix line buffer 
for contone plane 2. If using double-buffer scheme, 
only the 7 Isbs are used. 


0x70 


DMUprindexC2 


8 


0x3F 


Upper index within 2S6-byte dither matrix line buffer 
for contone plane 2. After reading the data at this 
location the Index wraps to DMLwrindexC2. If using 
douWe-buffer scheme, only the 7 Isbs are used. 


0x74 


DMInltlndexCa 


8 


0x00 


Initial index within 256-byte dither matrix line buffer for 
contone plane 3. If using doubte-buffer scheme, only 
the 7 Isbs are used. 


0x78 . 


DMLwrlndexCS 


a 


0x00 


Lower index within 256-byte dither matrix line buffer 
for contone plane 3. If using double-buffer scheme, 
only the 7 Isbs are used. 


0x7C 


DMUprtndexCS 


8 


0x3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 3. After reading the data at this 
location the index wraps to DMLwrtndexC3. If using ' 
double-txiffer scheme, only the 7 Isbs are used. 




uouDieiJ netstiT 


1 


0x1 


Selects the dither Gne buffer nrK>de to be single or dou- 
ble t>uffer. 


0x84to0x98 


lOMappingLo 


6x32 


0x0000^ 
0000 


The dot reorg mapping for output inks 0 to 5. For each 
ink's 64-bit lOMapptng value, lOMapplngLo repre- 
sents the low order 32 bits. 


0x9Clo0xB0 


iOMappingHi 


6x32 


0x0000. 
0000 


The dot reorg mapping for output Inks 0 to 5. Few each 
ink's 64-bit lOMapping value. lOMappingHi represents 

the high order 32 bits. 


0xB4to0xC0 


cpConstant 


4^ 


0x00 


The constant contone value to output for contone 
plane N when printing in the margin areas of the fsage. 
This value will typically be 0. 


0xC4 


sConstant 


1 


0x0 


The constant bi-level value to output for spot when 
printing in the margin areas of the page. This value 
•wilt typically be 0. 


0xC8. 


tConstant 


1 


0x0 


The cor^stant bi-level value to output for tag data when 
printing in the margin areas of the page. This value 
waj typically be 0. 


OxCC 


DitherConstant 


8 


QxFF 


The constant value to use for dither matrix when the 
dither matrix is not available, i.e. when the signal 
dm^avaais 0. This value wiD typically be OxFF so that 
cpConstant c&n easily be 0x00 or OxFF without requir- 
ing a dither matrix {DtthetConstant is primarily used 
for threshold dithering in the margin areas). 


Debug registers (read onJy) 
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Table 143. HCU Registers 













OxOO 


Kcti Ports Do bug 


14 


N/A 


Bit 1 2 s hcu^tfu^advdot 
Bit 1 1 s sfuLhcu__avail 
Bit 10 = hcu_sfu^a<Mot 
Bit 9 s cfdLhcu^a\^i 
Bit 8 s hcu_cfvLaavdot 
Bit 7 o KXncJhcujraady 
Bit 6 B /tcu_dSnc.di^r/ 
Bits 5-0 = hcujdr)c_data 


0xO4 


HcuDotgenDebug 


15 


N/A 


Bit 14 = afterjtop^margin 
Bit 13 = in^tasutargeLpage 
Bit 12 c in_targetpsge 
Bit 11 e 05_ava// 
Bit 10 o s^avaii 
Bit 9 = qp_ava// 
Bit 8 =3 dm^avaU 
Bit 7 o acMot 

Bits 5-0 = [0^,s,qp5,cp2:qp/.cpOJ 

(i.e. 6 tsit input to dot reorg units) 


0xO8 


HcuDitherOebugl 


17 


WA 


Bit 9 - a<Miot 

Bit a 8 dm^avaii 

Bit 1 5-8 = cp Ijdither^val 

Bits 7-0 » cpOLdiiher^vaJ 


OxDC 


HajOitherOebug2 


17 


N/A 


Bit8adm_av9// 

Bit 15-8 = cp3jcfftherj^ 

Bits 7^ s cp^tBther^vatl 



28.4.3 Control unit 

The control unit is xesponsible for controlling the overall flow of the HCU. It is responsible for determin- 
ing whether or not a dot will be generated in a given cycle, and what dot will actually be generated - 
including whether or not the dot is in a margin area, and what dither cell values should be used at the spe- 
I cific dot locatioa A block diagram of the control unit is shown in Figure 196. 

The inputs to the control unit are a number of avail flags spccilying whether or not a given dotgen imit is 
capable of supplying *real* data in this cycle. The term 'real' refers to data generated from external 
sources, such as contone line buffers, bi-level line buffers, and tag plane buffers. Each dotgen unit informs 
the control unit whether or not a dot can be generated this cycle from real data. It must also check that the 
DNC is ready to receive data. 

The contone/spot margin unit is responsible for determining whether the current dot coordinate is within 
the target contone/spot margins, and the tag margin unit is responsible for detennining whether the current 
dot coordinate is within the target tag margins. 

The dither matrix teble interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit 
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15 



oK_to_f eadi ok to wrtta 
cp.avall. s .av^ff. tp^avaff 
avalLm asI^ tm_mask 



rd k<ivxiot, wr.aiivdot 



^ hcu.dnc^vaH 
<fnc_l)cu.ready 



in_page < 



fa.tBfl_targ^jpage 




^ hcu_dlu_rieq 
dru.hcu_fack 
» hcu.dlu_radr 
diu.hcu.rvalid 
diu.data 



Figure 196. Block diagram of the control unit 



28,4.3.1 Determine AdvDot 



The HCU docs not always require contone planes, bi-level or tag planes in order to produce a page. For 
example, a given page may not have a bi-level layer, or a tag layer. In addition, the contone and bi-Ievcl 
parts of a page are only required within the contone and bi-levei page margins, and the tag part of a page is 
only required within the tag page margins. Thus output dots can be generated without contone, bi-level or 
tag data before the respective top margins of a page has been reached, and Os are generated for all color 
planes after the end of tihe page has been reached (to allow later stages of die printing pipeline to flush). 

Consequently the HCU has an AvailMask register that determines which of the various input avail flags 
should be taken notice of during the production of a page from the first line of the target page, and a 
TMMask register that has the same behaviour, but is used in the lines before the target page has been 
reached (i.e. inside the target top margin area). Each bit in the AvailMask refers to a particular avail bit: if 
the bit in the AvailMask register is set, then the corresponding avail bit must be 1 for the HCU to advance 
a dot. The bit to avail correspondence is shown in Table 144. Care should be taken with TMMask - if the 
particular data is not available after the top margin has been reached, then the HCU will stall. Note that the 
avail bits for contone and spot colors are ANDed with in_target^age after the target page area has been 
reached to allow dot production in the contone/spot margin areas without needing any data in the CFU and 
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SFU. The avail bit for tag color is ANDed with in_iag_target^age after the target tag page area has been 
reached to allow dot production in the tag margin areas without needing any data in the TFU. 

Table 144. Correspondence between bit In AvailMask and avafl flag 



Each of the input avail bits is processed with its appropriate mask bit and the after jtop^mar^in flag. The 
output bits are ANDed together along with Go and okjiojymte (which specifies whether the output buffer 
is ready to receive a dot in this cycle) to form the output bit advdoL We also generate w^advdou In ^s 
way. if the output buffer is full or any of the specified avail flags is clear, the HCU will stall. When the end 
of the page is reached, in_j?age will be deasserted and the HCU will continue to produce 0 for all dots as 
long as the DNC requests data. A block diagram of the determine advdot unit is shown in Figure 197, 

The okjo_read signal from the output buffer indicates that the HCU has a dot available for the DNC to 
read (indicated to the DNC by the assertion of hcu_dnc_avail). If the DNC is ready to receive the dot 
{dncjicu^ready is 1) then the dot is read from tiie output buffo* by asserting rd_advdoL 




0 dm^avaU dither matrix data available 



cp^avali contone pixels available 



2 s_avail spot color availat)Ie 



3 tp_avaJI tag plane available 
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irutargeuuge 

tnumaskfO) 
avBlLmasklO] 
dmAvaB 

aftBrjtop_fna^in 

tm_mask(i) 
avaiLmask{i] 
irutafget_page 
cp_avair 



tfncjhcu.j«ady 



28.4.3.2 Position unit 




Bftflr_taQ_top_margln 

tin_masl<3] 

&R.masl(C3] 
tn.tag.targeLpage 
tp_awaB 



^ advdot 



#^wr_advdot 



hcu_dnc_8vaiJ 
^ nCadvdot 



Figure 197. Block diagram of determine advdot unit 



The position unit is responsible for outputting the position of the current dot (curr _pos, currjine) and 
whether or not (his dot is the last dot of a line {advline). Both curr _j>os and curr^line are set to 0 at reset or 
when Go transitions from 0 to 1 . The position unit relies on the advdot input signal to advance through the 
dots on a page. Whenever an advdot pulse is received, curr_pos gets incremented. If curr jyos equals 
max^dot then an advUne pulse is generated as this is the last dot in a line, currjine gets tnciemented, and 
the curr_pos is reset to 0 to start counting the dots for the next line. 



28.4.3.3 Margin unit 



The responsibility of the margin unit is to determine whether the specific dot coordinate is within the page 
at all, within the target page or in a margin area (see Figure 1 98). This unit is instantiated for both the con- 
tone/spot maigin unit and the tag maigin unit. 



Doc: SoPEC_hardwarG_deslgn S3 Proprietary Docunnent 

Version: 2.3 



J$ Nov 2002 
Page 437 



SoPEC : Hardware Design 





target top fnargtn 










(eft margin 




2» 


1 

a 




target 




target bottom margin 







• ta/get page 

^ printable page area 
(physical page) 



Figure 1d8. Page structure 

The maigin unit takes the current dot and line position, and returns three flags. 

• the first. in_page is 1 if the current dot is within the page, and 0 if it is outside the page. 

• the second flag, in^target^age, is 1 if the dot coordinate is within the target page area of the page, and 
0 if it is within the target top/left/bottom/right margins. 

• the third flag, after_top_maigin, is 1 if the current dot is below the target top margin, and 0 if it is 
within the target top margin. 

A block diagram of the margin unit is shown in Figure 199. 



curr_Dne 



curr.jx>s 



top_mafgin 



txitfcoin,jnargin- 



page_margin_y 




rlght^margin 



ieft_margln 



in^ge in.target_iMige after.top.margin 
Figure 199. Block diagram of margin unit 
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28.4,3.4 Dither matrix tabie interface 

The dither matrix table interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit The control flag dm^ead^enable 
enables the reading of the dither matrix table line structure from DRAM. If dm_rwd_enable is 0. the 
dither matrix is not specified in DRAM and no DRAM accesses are attempted. The dither matrix table 
interfecc has an output flag dm^avail which specifies if the current line of the specified matrix is available. 
The HCU can be directed to stall when dmjavail is 0 by setting the appropriate bit in the HCU's Avail- 
Mask or TMMaslc registers. When dmjavail is 0 the value in the DitherConstant register is used as the 
dither cell values that are output to the contone dotgen unit. 

The dither matrix table interface consists of a state machine that interfaces to the DRAM interface, a dither 
matrix buffer that provides dither matrix values, and a unit to generate the addresses for reading the bufifer. 
Figure 200 shows a block diagram of the dither matrix table interface. 



advllne 

advdot 
dm.lniclnde}^c[<K3| 
dfnJwr_indQ>ec[(WJ 
dm.upr.inde)L.c(0-a| 
OoubleLfneBuf 

din_avaa<4 




q)0.dllher_val Gp1.<Sither_VBl cp2_djther_vat cp3_dllher_val 



Figure 200. Block diagram of dither matrix table interfece 

28.4.3.4.1 Dither matrix buffer 

The state machine loads dither matrix table data a line at a time from DRAM and stores it in a buffer. A 
single line of the dither matrix is cither 256 or 128 8-bit entries, depending on the programmable bit Dou- 
bleLineBuf. If this bit is enabled, a double-buffer mechanism is employed such that while one buffer is 
read fipom for the current line's dither matrix data (8 bits representing a single dither matrix entry), the 
other buffer is being written to with the next line's dither matrix data (64-bits at a time). Alternatively, die 
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single buffer scheme can be used, where the data must be loaded at the end of the line, thus incurring a 
delay. 

The single/double buffer is implemented using a 256 byte 3-port register ahray, two reads, one write port, 
with the reads clocked at double the system clock rate (320MH2) allowing 4 reads per clock cycle. 
The dither matrix buffer unit also provides the mechanism for keeping track of the current read and write 
buffers, and providing the mechanism such that a buffer cannot be read from until it has been written to. In 
this case, each buffer is a line of the dither matrix, i.e. 256 or 128 bytes. 

A bit is kept for the stattjs of each didier matrix line buffer: buff_avail[0] and buffjavailfl]. It also keeps a 
single bit {rdjmff) for the current buffer that reads are to occur from, and a single bit (wrjbuff) for the cur- 
rent buffer that writes are to occur to. The output value dm^avaii equals bu£_a\^ail[rdjbuff]. The output 
value ok_to_write equals buffjavail[wjmff]. Note that when using a single line buffer, buff_avail[l] is 
not used 

The read addresses are byte aligned A single dither matrix entry is represented by 8 bits and an entry is 
read for each of the four contone planes in parallel. When a advline puke is received, buff_ftvail[rdJmS] 
is cleared and rdjmff \s inverted (if using a double line buffer). 

Data is written, 64 bits at a time to the current write buffer when diujicu^rvalid is asserted When WrAdr 
is 0x1 F and diujicu^rvalid is 1 , buff_javail[wrjyuffl is set, and wrjmff i^ inverted (if using a double line 
buffer). This indicates that a line of dither matrix has been written to the current write buffer and it is now 
available to be read 

28.4.3.4.2 Read acfdress generator 

For each contone plane there is a initial, lower and upper index to be used when reading dither cell values 
from the dither matrix double buffer. The read address for each plane is used to select a byte from the cur- 
rent 256-bytc read buffer. When Co gets set (0 to 1 transition), or at the end of a line, the read addresses 
are set to their corresponding initial index. Otherwise, the read address generator relies on advdot to 
advance the addresses within the inclusive range specified the lower and t^per indices, represented by the 
following pseudocode: 

if (advdot °« 1) then 

if <advline 1) then 

rc3L.adr » dn^_init_index 
elalf (rd^adr =s dnuupr.index) then 

rd.adr = din„lwr_inde3c 
else 

rd^adr 

elfie 

rO^adr = rd_adr 

28.4.3.4.3 State machine 

The dither matrix is read from DRAM in single 256-bit accesses, receiving the data from the DIU over 4 
clock cycles (64-bits per cycle).The protocol and timing for read accesses to DRAM is described in sec- 
tion 20.9.1 on page 208. Read accesses to DRAM are in:^>lemented by means of the state machine 
described in Figure 201. 

All counters and flags should be cleared after reset or when Go transitions from 0 to 1 . While the Go bit is 
1 , the state machine relies on the dm_read_enable bit to tell it whether to attempt to read dither matrix data 
from DRAM. When dm^readjsnable is clear, the state machine does nothing and remains in the idle state. 
When dm_read_enable is set, the state machine continues to load dither matrix data, 256-bits at a time 
(received over 4 clock cycles, 64 bits per <^cle). while there is space available in tiie dither matrix buffer. 
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The read address and Une^tart^adr are initially set to start_dm_adr. The read address gets incremented 
after each read access. It takes 4 or 8 read accesses to load a line of dither matrix into the dither matrix 
buffer, depending on whether we're using a single or double buffer. A count is kept of the accesses to 
DRAM. When a read access completes and access jcount equals 3 or 7, a line of dither matrix has just 
been loaded from and the read address is updated to line_start_adr plus linejncrement so it points to the 
start of the next line of dither matrix. (line_^tart_adr is also updated to this value). If the read address 
equals end_dm_adr then the next read address will be start_dm_adr, thus the read address wraps to point 
to the start of the area in DRAM where the dither matrix is stored. 

The write address for the dither matrix buffer is implemented by means of a modulo-32 counter that is ini- 
tially set to 0 and incremented when diujicu_rvalid is asserted. 
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RgsetORpfst n-'^P 
hcu_dJu_rTeq « 0 
hcu.dlu_fadr « 0 
access.coufrt s o 



i 



( ) 



hco_diu_iTeq = 0 
hcu_d(u„radr « hcu_dlu_radr 
access.oount » accessjcount 

wr.adr « wr^adr 



< 



idle 



dhj hcu rva»d=»i AMr> 
access count a/7 an n 
hcu dfu fadrf^end dm ari^ 



hcu_dlu_rp9q o 0 
hocdiu^iadr » Ene.8tart_adr ♦ 
(inojncrament 
flne^starUadr - line_stan^dr + 
Qnejncrement 
aocas$_count a o 
%w_adr ♦+ 



3 



dm read anabia 1 
hcti_diu_fTa9 o 0 
hcu^diu_radf ■ 8tan.dm_adr 
Une.start^df » 8tart.dm_adr 
aocess.oount « O 
_wradr = 0 



req 



c 



> 



ok to wrfta « 1 



hcu.dlu.freq « 1 
hcu.dlu.jacfr K 0 
aocess_count 
wr^adr = wrjadr 



ack 



c 



3 



cfnj hcu fanh «?J 
hcu.dtu^rreq " 0 
hcu.dlu_radr « hcu.dlu_radr 
accessjcount b aocessjcoum 
wr_8dr » wrjadr 



readl 



diu hctj m%d^ l ano 
access count i^^riANQ 
hcu diu radr l« and dm ni^ 
hcu.diu.rreq « 0 
hcu_dlu_radr « hcu jdiULiadr ♦ i 
access_oount -t-^ " 
wf_adr 



C 



3 



diu hcu fvalld 1 
hcu_dlu.rr6q a o 
hcii,«fiu_fadr q hcu.dlu_redr 
accass_count « access count 
wr_adr -m- 



read2 



G 



3 



dfu hcu fvalid 1 
hcu^dtu.rraq a o 
hcii_<fiu_radr c hcu_diu_radr 
access.oount « access.oount 
wr.adr++ 



read3 



diu hcu fvalM 1 
hc»j_diu_iT9q to 0 
hcu_dju_radr s hcu_diu_radr 
access.oount b access joount 
wr_adr 



read4 ^ 



diu hcu fvatM 



hcu diu ftttfr 



d""! AN 
■= end .til 



hcu^dlu.rreq « 0 
hcu_diu_radr « start_dm_adf 
line.staft.adr = staitjdm^dr 
acoessucount » O 
wr.adr++ 



Figure 201 . State machine to read dither matrix table 
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28.4,4 Contone dotgen unit 



The contone dotgen unit is lespoosible for producing a dot in up to 4 color planes per cycle. The contone 
dotgen unit also produces a cpjavail flag which specifies whether or not contone pixels are currently avail- 
able, and the output hcujzjujadvdot to request the CFU to provide the next contone pixel in up to 4 color 
planes. 

The block diagram for the contone dotgen unit is shown in Figure 202. 



hcu_cfu_advdot 



13 

2 



cfu_haj_cOdata 



cfu_hcu_c1<lata 



cfu_hcu_c2data 



cfu_hcu^c3<lata 



cfu_fictcavail 



contone dotgen unit 



6 



cpO_cons(ant 



dither unit 0 



cpi_oonstam K ^ 



dither unit 1 



cp2_constant % 



dither unit 2 



dither unit 3 



32 



- advdot 

- injlafgeLJ>age 



cpOdot 
- qiO.dittief.val 



>^ cpt dot 
- cpl.dHher.v^ 



> CPZdot 
- op2jdither.val 



^ cp3dot 
- cpS.cSlher.val 



3<0>3]joonslant 
cp^avaii 



Figure 202. Contone dotgen unit 

A dither unit provides the functionality for dithering a single contone plane. The contone image is only 
defined within the contone/spot margin area. As a result, if the input flag injtarget _page is 0, then a con- 
stant contone pixel value is used for the pixel instead of the contone plane. 

The resultant contone pixel is then halftoned. The dither value to be used in the halftoning process is pro- 
vided by the control data unit The halftoning process involves a comparison between a pixel value and its 
corresponding dither value. If the 8-bit contone value is greater than or equal to the 8-bit dither matrix 
value a 1 is output. If not, then a 0 is output This means each entry in the dither matrix is in the range 1- 
255 (0 is not used). 
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28.4.5 Spot dotgen unit 

The spot dotgen unit is responsible for producing a dot of bi-level data per cycle. It deals with bi^level data 
(and therefore does not need to halftone) that comes from the LBD via the SFU. Like the contone layer, 
the bi-ievel spot layer is only defined within the contone/spot margin area. As a result, if input flag 
in_target_page is 0, then a constant dot value (typically this would be 0) is used for the output dot. 

The spot dotgen unit also produces a sjavail flag which specifies whether or not spot dots are currently 
available for this spot plane, and the output hcu^Jujadvdot to request the SFU to provide the next bi-levei 
data \^ue. The spot dotgen unit can be represented by the following pseudocode: 

s.avail « sfu^hcxjuavail 

if (in_target_j>age == 1 AND advdot: == 1) then 

hcu_sfu_advdot = 1 • 
else 

hcu.8£u.advdot « 0 

if ( in^targeti^page e= 1) then 

sp = sfu^hcu^sdata 
else 

sp s sp_const:ant 

28.4.6 Tag dotgen unit 

This unit is very similar to the spot dotgen unit (see Section 28.4.5) in that it deals with bi-lcvcl data, in 
this case from the TE via the TFU. The tag layer is only defined within the tag margin area. As a result, if 
input flag injtag_targ€tj>age is 0. then a constant dot value, ^^constant (typically this would be 0), is 
used for the output dot The tagplane dotgen unit also produces a ^^avail flag which specifies whether or 
not tag dots are currenfly available for the tagplane, and the output hcujtfu^advdot to request the TFU to 
provide the next bi-level data value. 



28.4.7 Dot reorg unit 

The dot reorg unit provides a means of mapping the bi-level dithered data, the spotO color, and the tag data 
to output inks in the actual printhead. Each dot reoig unit takes a set of 6 1 -bit inputs and prxKiuces a single 
bit output that represents the output dot for that color plane. 

The output bit is a logical combination of any or all of the input bits. This allows the spot color to be 
placed in any output color plane (including infrared for testing purposes), black to be merged into cyan, 
magenta and yellow (in the case of no black ink in the Mcmjet printhead), and tag dot data to be placed in 
a visible plane. An output for fixative can readily be generated by simply combining desired input bits. 

The dot reorg imit contains a 64-bit lookup to allow complete freedom with regards to mapping. Since all 
possible combinations of input bits are accounted for in die 64 bit lookup, a given dot reoig unit can take 
the mapping of other reoig units into account. For example, a black plane reorg unit may produce a 1 only 
if the contone plane 3 or spot color inputs are set (this effectively composites black bi-level over the con- 
tone). A fixative reorg unit may generate a 1 if any 2 of the output color planes is set (taking into account 
die mappings produced by the other reoig units). 

I If dead nozzle replacement is to be used (sec section 29.4.2 on page 448), the dot reorg can be pro- 

grammed to direct the dots of the specified color into the main plane, and 0 into the other. If a nozzle is 
then marked as dead in the DNC, swapping the bits between the planes will result in 0 in die dead nozzle, 
and the required data in the other plane. 

If dead nozzle replacement is to be used, and there are no tags, the TE can be programmed with the posi- 
tion of dead nozzles and the resultant pattern used to direct dots into the specified nozzle row. If only fixed 
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background TFS is to be used, a limited number of nozzles can be replaced. If variable tag data is to be 
used to specify dead nozzles, then laige numbers of dead nozzles can be readily compensated for. 
The dot reoig unit can be used to average out the nozzle usage when two rows of nozzles share the same 
ink and tag encoding is not being used The TE can be programmed to produce a regular pattern (e.g. 0101 
on one line, and 1010 on the next) and this pattern can be used as a directive as to direct dots into the spec- 
ified nozzle row. 

Each reorg unit contains a 64-bit lOMappmg value programmable as two 32-bit HCU registers, and a set 
of selection logic based on the 6-bit dot input (2^ «= 64 bits), as shown in Figure 203. 

< r — — — — — — — 

Input dot 




Figure 203. Block diagram of dot reorg unit 
The mapping of input bits to each of the 6 selection bits is as defined in Table 145. 
Table 145. Mapping of input bits to 6 selection bits 









0 


bi-level dot from contone layer 0 


cyan 


1 


bi-level dot from contone layer 1 


magenta 


2 


iM-level dot from contone layer 2 


yellow 


• 3 


bHevel dot from contone layer 3 


black 


4 


bMevel spotO dot 


Wack 


5 


bi-level tag dot 


infra-fed 
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29 Dead Nozzle Compensator (DNC) 

29.1 Overview 

The Dead Nozzle Compensator (DNC) is responsible for adjusting Memjet dot data to take account of 
non-functioning nozzles in the Memjet printhead. Input dot data is supplied from the HCU, and the cor- 
rected dot data is passed out to the DWU. The high level data path is shown by the block diagram in Figure 







ORAM 












Dead Nozzle 
Data 




HCU 


raw dot ^ 


ONC 


compen$ated. 


DWU 


data ' 


dot ^ 



Figure 204. High level block diagram of DNC 

The DNC condensates for a dead nozzles by performing the following operations: 

• Dead nozzle removal, i.e. turn the nozzle off 

• Ink replacement by direct substitution i.e. K -> K 

• Ink replacement by indirect substitution i.e. K -> CMY 

• Error diffusion to adjacent nozzles 

• Fixative corrections 

The DNC is required to efficiently support up to 5% dead nozzles, under the expected DRAM bandwidth 
allocation, with no restriction on where dead nozzles are located and handle any fixative correction due to 
nozzle compensations. Performance must degrade gracefully after 5% dead nozzles. 



29.2 Dead nozzle identification 



Dead nozzles are identified by means of a position value and a mask value. Position infonnation is repre- 
sented by a 10-bit delta encoded format, where the 10-bit value defines the number of dots between dead 
nozzle columns . With the delta infonnation it also reads the 6-bit dead nozzle mask {dn^mask) for the 
defined dead nozzle position. Each bit in the t/n_/7uwA: corresponds to an ink plane. A set bit indicates that 
the nozzle for the corresponding ink plane is dead. The dead nozzle table fonnat is shown in Figure 205, 
The DNC reads dead nozzle information from DRAM in single 256-bit accesses. A 10-bit delta encoding 
scheme is chosen so that each table entry is 16 bits wide, and 16 entries fit exactly in each 256-bit read. 
Usmg 10-bit delta encoding means that the maximum distance between dead nozzle columns is 1023 dots. 
It is possible that dead nozzles may be spaced further than 1023 dots from each other, so a null dead nozzle 
identifier is required. A nuU dead nozzle identifier is defined as a 6-bit dn^mask of all zeros. These null 
dead nozzle identifiers shoiild also be used so that: " 

• the dead nozzle table is a multiple of 1 6 entries (so that it is aligned to the 256.bit DRAM locations) 



1 . for a 1 0-bit delta value ofd, if the current colunm n is a dead nozzle column then the next dead nozzle column is given by « + 1). 
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• Jic dead nozzle table spans the complete length of the line, i.e. the first entry dead nozzle table should 
have a delta from the first nozzle column in a line and the last entiy in the dead nozzle table should cor- 
respond to the last nozzle column in a line. 

Note that the DNC deals with the width of a page. This may or may not be the same as the width of the 
prmthead (the PHI may mtroduce some margining to the page so that its dot output matches the width of 
the prmthead). Care must be taken when programming the dead nozzle table so that dead nozzle positions 
are correctly specified with respect to the page and printiiead. 



1 6 bits wide 



N dead nozzle 
columns 



Table Entry Structure 

^( l04>ltPeteEnoocte"" 



e-bftC3nMask 



bits 15-6 



bitsM 



FIgura 205. Dead nozzle table format 

29,3 DRAM storage and bandwidth requirement 

The memory required is largely a factor of the number of dead nozzles presoit in the printhcad (which in 
turn IS a factor of die printhead size). The DNC is required to read a 16-bit entry from the dead nozzle table 
S^rrf^f.^ '^^^^ ^"^^ ^^"^^ ^® ^^^AM storage and average^ bandwidth requirements for the 

DNC for different percentages of dead nozzles and different page sizes. 



Table 146. Dead Nozzle storage and average bandwidth requirements 









mm 






Memory 
(KBytes) 


Bandwidth 
(bfts/bycJe) 




5% 


1.4« 






10% 


2.7 


1.6 




15% 


4.1 


2.4 


A3*> 


5% 


1.9 


0.6 




10% 


3.6 


1.6 




15% 


6.7 


2.4 



Bi-hthic pnnthcad has 1 3824 nozzles per color providing full bleed printing for A4/Letcer 
Bi-lithic printhead has 1 9488 nozzles per color providing full bleed printing for A3 



* ' n^^/u^J^^J*If* assumes an even spread of dead nozzles. Clumps of dead nozzles may cause delays due to insufficient available 
UKAM bandwidth. These delays will occur cvciy line causing an accumulative delay over a page. 
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e. 16 bits X 13824 nozzles X 0.05 dead 
d. (16 bits read / 20 cycles) = 0.8 bits/cycle 

29.4 Nozzle compensation 

DNC receives 6 bits of dot information every cycle from the HCU, 1 bit per color plane. When the dot 
position corresponds to a dead nozzle column, the associated 6-bit dn_mask indicates which ink plane(s) 
contains a dead nozzle(s). The DNC first deletes dots destined for the dead nozzle. It then replaces those 
dead dots, either by placing the data destined for the dead nozzle into an adjacent ink plane (direct substi- 
tution) or into a number of ink planes (indirect substitution). After ink replacement, if a dead nozzle is 
made active again then the DNC perfonns error difiusion. Finally, following the dead nozzle compensa- 
tion mechanisms the fixative, if present, may need to be adjusted due to new nozzles being activated, or 
dead nozzles being removed. 

29.4.1 Dead nozzle removal 

If a nozzle is defined as dead, then the first action for the DNC is to turn off (zeroing) the dot data destined 
for that nozzle. This is done by a bit-wise ANDing of the inverse of the dn^mask with the dot value. 

29.4.2 Ink replacement 

Ink replacement is a mechanism where data destined for the dead nozzle is placed into an adjacent ink 
plane of die same color (direct substitution, i.e. K -> l^xcaizixw^f or placed into a number of ink planes, the 
combination of which produces the desired color (indirect substitution, i.e. K -> CMY). Ink replacement is 
performed by filtering out ink belonging to nozzles that are dead and then adding back in an appropriately 
calculated pattern. This two step process allows the optional re-inclusion of the ink data into the original 
dead nozzle position to be subsequently error dif^ed. In die general case, fixative data destined for a dead 
nozzle should not be left active intending it to be later difiiised. 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, programmable by tfie 
CPU. The dead nozzle mask is ANDed with the dot data to see if diere are any planes where the dot is 
active but the corresponding nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular ink, the values from the coiresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is then 
filtered so that error diffusion is only allowed for the planes in which error diffusion is enabled. The output 
of the ink replacement logic is ORed with the resultant dot after dead nozzle removal. See Figure 210 on 
page 459 for implementation details. 

For example if we consider the printhead color configuration C,M,Y,K,,K2.IR and the input dot data from 
the HCU is blOl 100. Assuming that the K, ink plane and IR ink plane for this position are dead so the 
dead nozzle mask is bOOOlOl. The DNC first removes the dead nozzle by zeroing the Ki plane to produce 
blOlOOO. Then the dead nozzle mask is ANDed with the dot data to give bOOOlOO which selects the ink 
replacement pattern for Kj (in this case the ink replacement pattern for Kj is configured as bOOOOlO, i.e. 
ink replacement into the K2 plane). Providing error diffiision for K2 is enabled, the output from the ink 
replacement process is bOOOOlO. This is ORed with die output of dead nozzle removal to produce the 
resultant dot blOlO 10, As can be seen the dot data in the defective nozzle was removed and replaced by 
a dot in the adjacent K2 nozzle in the same dot position, i.e. direct substitution. 

In the example above the Ki ink plane could be compensated for by indirect substitution, in which case ink 
replacement pattern for Ki would be configured as bl 1 1000 (substitution into the CMY color planes), and 
this is ORed with the output of dead nozzle removal to produce the resultant dot bl! 1000. Here the dot 
data in the defective Ki ink plane was removed and placed into the CMY ink planes. 
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29.4.3 Error diffusion 

Based on the programming of the lookup table the dead nozzle may be left active after ink replacement. In 
such cases the DNC can compensate using error diffusion. Error diffusion is a mechanism where dead noz« 
zle dot data is diffused to adjacent dots. 

When a dot is active and its destined nozzle is dead, the DNC will atten^t to place the data into an adja- 
cent dot position, if one is inactive. If both dots are inactive then the choice is aibitraiy, and is determined 
by a pseudo random bit generator. If both neighbor dots are already active then the bit cannot be compen- 
sated by diffusion. 

Since the DNC needs to look at neighboring dots to determine where to place the new bit (if required), the 
DNC works on a set of 3 dots at a time. For any given set of 3 dots, the first dot received from the HCU is 
referred to as dot A, and the second as dot B, and the third as dot C. The relationship is shown in Fieure 

206. 



0-1 



dot A 



dots 



dote 



direction of dot movement 



Figure 206. Set of dots operated on for error diffusion 



For any given set of dots ABC, only B can be compensated for by error diffusion if B is defined as dead. A 
1 in dot B will be diffused into cither dot A or dot C if possible. If there is already a 1 in dot A or dot C 
then a 1 in dot B cannot be diffused into that dot. 

The DNC must support adjacent dead nozzles. Thus if dot A is defined as dead and has previously been 
compensated for by error diffusion, then the dot data fi-om dot B should not be diffused into dot A. Simi- 
larly, if dot C is defined as dead, then dot data firom dot B should not be diffused into dot C. 

Error diffusion should not cross line boundaries. If dot B contains a dead nozzle and is the first dot in a line 
then dot A rq)resent5 the last dot from the previous line. In this case an active bit on a dead nozzle of dot B 
should not be diffused into dot A. Similarly, if dot B contains a dead nozzle and is the last dot in a line then 
dot C represents the first dot of the next line. In this case an active bit on a dead nozzle of dot B should not 
be diffused into dot C. 

Thus, as a rule, a 1 in dot B-cannot be diffused into dot A if 

• a 1 is already present in dot A, 
« dot A is defined as dead, 

• or dot A is the last dot in a line. 

Similarly, a 1 in dot B cannot be diffused into dot C if 

• a 1 is already present in dot C, 

• dot C is defined as dead, 

• or dot C is the first dot in a line. 

If B is defined to be dead and the dot value for B is 0, then no compensation needs to be done and dots A 
and C do not need to be changed. 

If B is defined to be dead and the dot value for B is 1, then B is changed to 0 and the DNC attempts to 
place the 1 from B into either A or C: 

• If the dot can be placed into both A and C, then the DNC must choose between them. The preference is 
given by the current output fi-om the random bit generator, 0 for **prefer left" (dot A) or 1 for '"prefer 
right" (dot C). 
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• If dot can be placed into only one of A and C, then the 1 from B is placed into that position. 

• If dot cannot be placed into either one of A or C, then the DNC cannot place the dot in either position. 
Table 147 shows the truth table for DNC eiror diffusion operation when dot B is defined as dead. 



Tabte 147. Error Diffusion Truth Table when dot B Is dead 
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Ainput 


0 


C Input 
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Ainput 


0 


C input 


0 


1 


0 


0 


1^ 


0 


C Input 


0 


1 


0 


1 


Ainput 


0 


1 


0 


1 . 


1 


X 


1 


0 


C input 


1 


0 


0 


X 


A input 


0 


C input 


1 


0 


1 


X 


Ainput 


0 


C input 


1 


1 


0 


X 


Ainput 


0 


1 


1 


1 


1 


X 


Ainput 


0 


C input 



a. Output from random bit generator. Determines direction of error diffusion (0 = left, 1 = right) 
tK Bold emphasis is used to show the DNC inserted a 1 

The random bit value used to aibitrarily select the direction of diffusion is generated by a 32>bit maximum 
length randorn bit generator. The generator generates a new bit for each dot in a line regardless of whether 
the dot is dead or not The random bit generator can be initialized with a 32>bit progranmiable seed value. 

29.4.4 Fixative correction 

After the dead nozzle compensation methods have been applied to the dot data, the fixative, if present, may 
need to be adjusted due to new nozzles being activated, or dead nozzles being removed For each output 
dot the DNC determines if fixative is required (using the FixativeRequiredMask register) for the new com- 
pensated dot data word and whether fixative is activated already for that dot. For the DNC to do so it needs 
to know the color plane that has fixative, this is specified by the Fixattvehfaskl configuration register. 
Table 148 indicates the actions to take based on these calculations. 



Tabte 148. Truth table for fixative correction 













1 


1 


Output dot as is. 


1 


0 


Oear fixative plane. 


0 


1 


Attempt to add fixativa. 


0 


0 


Output dot as Is. 



The DNC also allows the specification of another fixative plane, specified by the FixativeMask2 configura- 
tion register, with FixativeMaskl having the higher priority over FixativeMask2, When attempting to add 
fixative the DNC first tries to add it into the planes defined by FixativeMaskl. However, if any of these 
planes is dead then it tries to add fixative by placing it into the planes defined by FixativeMask2. 



Doc: SoPEC_hardware_deslgn 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 450 



SoPEC : Hardware Design 



Note that the fixative defined by FixativeMaskl and FixativeMask2 could possibly be multi-pait fixative, 
i.e. 2 bits could be set in FixativeMaskl with the fixative being a combination of both inks. 
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29.5 Implementation 

A block diagram of the DNC is shown in Figure 207. 
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Figure 207, Block diagram of DNC 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 452 



SoPEC : Hardware Design 



29.5.1 Definitions of I/O 



Table 149. DNC port IJst and description 







mm 




Clocks and Resets 


pdk 


1 


In 


System Clock. 


prst_n 




In 


System reset synchronous active tow. 


PCU interface 


pcu_dnc_sel 


1 


In 


Block select from the PCU. When pct/.dnc.se/ls hjgh both 
pcu.adrand poccdaCaoufare valid. 


pcu_rwn 


1 


In 


Common read/not-write signal from the PCU. 


pcu_adrt6;2] 


5 


In 


PCU address bus. Only 5 bits are required to decode the 

address space for this block. 


pcu_dataout{31K)] 


32 


tn 


Shared write data tMis from the PCU. 


dnc_pcu_fdy 


1 


Out 


Ready signal to the PCU. When dnc ^ycu^fdyis high It indi- 
cates the last cyde of the access. For a write cycle this 
means pcu.dtataouf has been registered by the block and for 
a read cyde this means the data on (tnQjxu^<iata is vaKd. 


dncj)cu.data[31 :0] 


32 


Out 


Read data bus to the PCU. 


DIU Interface 


dnc_diu_rreq 


1 


Out 


DNC unit requests DRAM read. A read request nuist be 
accompanied by a vaXkS read address. 


dnc_diu_rad;{21:5J 


17 


Out 


Read address to DIU, 2Se-bit %vord aligned. 


diu.dnc_rack 


1 


In 


Acknowledge from DIU that read request has been accepted 
and new read address can t>e placed on Kinojdiu^mdr 


diu_dnc_rvatld 


1 


In 


Read data valid, active high. Indicates that valM read data Is 
now on the read data bus, diu_data. 


diu_data{63:0| 


64 


In 


Read data from DIU. 


HCU Interface 


dnc_hcu_ready 


1 


Out 


Indicates that DNC Is ready to accept data from the HCU. 


hcu_dnc_ava]l 


1 


In 


Indicates vaCd data present on hcujdncjdata. 


hcu_dnc_data[5:0] 


6 


In 


Output bi-level dot data in 6 Ink planes. 


DWU interface 


dwu_dnc_ready 


1 


tn 


Indicates that DWU is ready to accept data from the DNC. 


dnc_dwu_avail 


1 


Out 


Indicates valid data present on <Sncjdwu_<SatSL 


dnc.dwu.datatS.-O] 


6 


Out 


Output t)i-level dot data in 6 ink planes. 



29.5.2 Configuration registers 

The configuration registers in the DNC are programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registers in the 
DNC. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
DNC. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) ot dnc^cu^data. Table 150 lists the configuration registers in the DNC. 
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Table 150. DNC conffguratlon registers 





1 Bfij^^^SwrStiyHB 


















Control registers 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the 
DNC. 


0x04 


Go 


1 


0x0 


Writing 1 to this register starts the DNC. Writing 
0 to this register halts the DNC. 
When Go Is asserted all counters, flags etc. are 
cleared or gfven their Initial value, but configura- 
tion registers keep their values. 
When Go is deasserted the state-machines go 
to their idle states txit all counters and configu- 
ration registers keep their values. 
This register can be read to determine If the 
DNC Is running 
(1 = running. 0 s stopped). 


Setup registers (constant during processing) 


0x10 


MaxDot 


16 


0x0000 


This is the maxinium dot nunnber - 1 present 
across a page. For example if a page contains 
13824 dots, then MaxOof will be 13823. 
Note that this numt>er may or may not be the 
same as the number of dots across the print- 
head as some margining may be introduced in 
the PHI. 


0x14 


LSFR 


32 


0x0000. 
0000 


The current value of the LFSR register used as 
the 32-bit maximum length random bit genera- 
tor. 

Users can write to this register to program a 
seed value for the 32-bit masdmum length ran- 
dom bit generator. Must not be all Is for taps 
implemented in XNOR form. (It is expected Itiat 
writing a seed value wilt not occur durbtg the 
operation of the LFSR). 

This LSFR vafue could also have a possible use 
as a random source fn program code. 










0x20 


RxativeMaskI 


6 


0x00 


Defines the lUgher prtority fixative plane(s). Bit 0 

represents the settings for plane 0. bit 1 for 

plane 1 etc For each bit: 

1 = the ink plane contains fixative. 

0 = the ink plane does not contarn fixative. 


0x24 


Rxath/eMask2 


6 


0x00 


Defines the lower priority fixative plane(s). Bit 0 

represents the settings for plane 0, tMt 1 for 

plane 1 etc. Used only when FixativeMaskI 

planes are dead. For each bit 

1 the ink plane contains fixative. 

0 = the ink plane does not contain fixative. 


0x28 


FixativeRequtredMask 


6 


0x00 


Identifies the ink ptanes that require fixative. Bit 

0 represents the settings for plane 0» bit 1 for 
plane 1 etc. For each bit: 

1 s the ink plane requires fixative. 

0 s the ink plane does not require fixative (e.g. 
ink Is self-fixing) 
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Table 150. DNC configuration registers 

























0x30 


DnTableStaitAdr 


17 


0x0.0000 


Start address of Dead NozzJe Tabte in DRAM, 
spedfied in 256«blt words. 


0x34 


DnTableEndAdr 


17 


OxOJWOO 


End address of Dead Nozzle Table in DRAM, 
specffted in 256-bIt words, i.e. the locatton con* 
taming the last entry in the Dead Nozzle Table. 
The Dead Nozzle Table should be aligned to a 
256-bit boundary, if necessary it can be padded 
with null entries. 


0x40 - 0x54 


PlaneReptacePat- 
tem(5.*0] 


6x6 


0x00 


Defines the inic replacement pattern for each of 
the 6 ink planes, Pian0R^)lacePiattBm[O]l& the 
Ink replacement pattern Ibr plane 0. PfaneRe- 
placePattemf 1] is the ink replacement pattern 
for plane 1, etc 

For each 64)tt replacement pattem for a plane, 
a 1 in any bit positions indicates the alternative 
ink planes to be used for this plane. 


0x58 


DiffuseEnable 


6 


0x3F 


Defines whether, after Ink replacement, error 
difllisfon is'allowed to be performed on each 
plane. 

BitO represents the settings for plane 0, bit 1 for 
plane 1 etc. f=(>r each bic 
1 B error diffusion is enabled 
0 a error diffusion Is disat)led 


Debug registers (read onty) 
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DncOutputDebug 


8 


N/A 


Bit 7 = ctwuj(3nc_raady 
Bit 6 s dnc_gSwu^avaif 
Bits 5-0 = dncjdmijciata 


0X64 


DncReptaceOebug 


14 


N/A 


B<t13sadS^_/9ady 
8it12s//u.avai7 
Bits 11-6 = inj_dri^mask 
Bits 5-0 s irujdata 


0x68 


DncOiffuseDebuo 


14 


N/A 


Bit 13 B <ftviLd!nc_reafly 
Bit 12 s (incjdwu_avmt 
Bits 1 1-6 B edu_dn^ma^ 
Bits 5-0 e edu_data 
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29.5.3 Ink replacement unit 

Figure 208 shows a sub*block diagram for the ink replacement unit 



hcu_dnp_datB 



diffuse_enabte 



Figure 208. Sub-block diagram of Ink replacement unit 

29.5«3.f Control unit 

The control unit is responsible for reading the dead nozzle table from DRAM and making it available to 
the DNC via the dead nozzle FIFO. The dead nozzle table is read from DRAM in single 256-bit accesses, 
receiving the data from the DIU over 4 clock cycles (64*bits per cycle). The protocol and timing for read 
accesses to DRAM is described in section 20.9.1 on page 208. Reading from DRAM is implemented by 
means of the state machine shown in Figure 209. 

All counters and flags should be cleared after reset. When Go transitions from 0 to 1 all counteis and flags 
should take their initial value. While die Go bit is 1 , the state machine requests a read access from the dead 
nozzle table in DRAM provided there is enough space in its FIFO. 

A modulo^ counter, rd^count, is used to count each of the 64-bits received in a 256-bit read access. It is 
incremented whenever diu_dnc_rvalid is asserted. When Go is 1, dnjtabie^radr is set to 
dn_table_^tart_adr. As each 64-bit value is returned, indicated, by diu^dnc_rvalid being asserted, 
dn_tabie_radr is compared to dnjtablejsnd_adr, 

• If rd_cowt equals 3 and dn^table^adr equals dn_table_end^adr, then dnjtabie _j'adr is updated to 
dnjtable^tart^adr, 

• \frd_count equals 3 and dn^table_radr does not equal dnjtablejsnd^adr, then dnjtable_radr is incre- 
mented by 1 . 

A count is kept of the nimiber of 64-bit values in the FIFO. When diu_,dnc_rvalid is I data is written to the 
FIFO by asserting wrjsn^ and fifojcontents zndfifo^wr^adr are both incremented. 
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When Jifo_contentsf3:0J is greater than 0 and edu_ready is 1, dncjicu^ready is asserted to indicate that 
the DNC is ready to accept dots from the HCU. If hcujtnc^ayail is also 1 then a dotadv pulse is sent to the 
GenMask unit, indicating the DNC has accepted a dot from the HCU, and iru_avail is also asserted. After 
Go is set, a single /?re/o^ pulse is sent to the GenMask unit once the FIFO contains data 

When a rd^adv pulse is received from the GenMask umt,Ji/o^rd^adr[4:0J is then incremented to select 
the next 16-bit value. Ufifo_rd_adr[l:0] 1 1 then the next 64-bit value is read from the FIFO by asserting 
rdjsn, and Jifo^contents[3:0] is decremented 



fiaaet QB pist n «= 0 
diutable_iTeq = 0 
dn_tBble_radr «= 0 



^ reset ^ 



diut£le_jreq « 0 ' 



dn tabia mdrladrt tahk» and adr 

ANPgl opunl=»3 
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<: 



-»(^ idle 



!!._;rBq-0 
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rack gg 1 
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> 



rfn tebte radr^dn tabte end adr 



ANDnl< 
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_ ; jireq « o 
dn_tatile.Adr » df\jabla.staruadr 



Figure 209. Dead nozzle table state machine 



29.5.3.2 Dead nozzle FIFO 

The dead nozzle FIFO conceptually is a 64-bit input, and 16-bit output FIFO to account for the 64-bit data 
transfers from the DIU, and the individual 16-bit entries in the dead nozzle table that are used in the Gen- 
Mask unit In reality, the FIFO is actually 8 entries deep and 64-bits wide (to accommodate two 256-bit 
accesses). 

On the DRAM side of the FIFO the write address is 64-bit aligned while on the GenMask side the read 
address is 1 6-bit aligned, i.e. the upper 3 bits are input as the read address for the FIFO and the lower 2 bits 
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are used to select 16 bits from the 64 bits (Ist 16 bits read corresponds to bits 1 5-0, second 16 bits to bits 
31-16 etc.). 

29.S.3.3 GenMaskunIt 

The GenMask unit generates the 6-bit dn_mask that is sent to the replace unit. It consists of a 10-bit delta 
counter and a mask register. 

After Go is set, the GenMask unit will receive a preload pulse from the control unit indicating the first 
dead nozzle table entry is available at the output of the dead nozzle FIFO and should be loaded into the 
delta counter and mask register. A rd_adv pulse is generated so that the next dead nozzle table entry is pre- 
sented at the output of the dead nozzle FIFO. The delta counter is decremented every time a dotadv pulse 
is received. When the delta counter reaches 0, it gets loaded with the current delta value output from the 
dead nozzle FIFO, i.e. bits 15-6, and the mask register gets loaded with mask output from the dead nozzle 
FIFO, i.e. bits 5-0. A rd^adv pulse is then generated so that the next dead nozzle table entry is presented at 
the output of the dead nozzle FIFO. 

When tiie delta counter is 0 the value in the mask register is output as the dn_mask, otherwise the dn_jnask 
is all Os. 

The GenMask unit has no knowledge of the number of dots in a line, it simply loads a counter to count the 
delta from one dead nozzle column to the next. Thus as described in section 29.2 on page 446 the dead 
nozzle table should include null identifiers if necessary so that the dead nozzle table covers the first and 
last nozzle column in a line. 

29.5.3A Replace unit 

Dead nozzle removal and ink replacement are implemented by the combinatorial logic shown in Figure 
210. Dead nozzle removal is performed by bit*wise ANDing of the inverse of the dn_jnask with the dot 
value. 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, progranmiable by the 
CPU. The dead noz^e mask is ANDed with the dot data to see if there are any planes where the dot is 
active but the corresponding nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular inlc^ the values from the corresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is tfien 
filtered so that error diffusion is only allowed for the planes in which error difRision is enabled. 

The output of the ink replacement process is ORed with the resultant dot after dead nozzle removal. If the 
dot position does not contain a dead nozzle then the dn_mask will be all Os and the dot, hcu_dnc_data, will 
be passed through unchanged. 
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Figure 210. Logic for dead nozzle removal and ink repiacement 
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29.5.4 Error Diffusion Unit 

Figure 21 1 shows a sub-block diagram for the error diffusion unit. 
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Figure 211. Sub-block diagram of error diffusion unit 



29.5.4.1 Random Bit Generator 



The random bit value used to aibitrarily select the direction of diffusion is generated by a maximum length 
32-bit LFSR. The tap points and feedback generation are shown in Figure 212. The LFSR generates a hew 
bit for each dot in a line regardless of whether the dot is dead or not, i.e shifting of the LFSR is enabled 
when advdot equals 1 . The LFSR can be initialised with a 32-bit prognunmable seed value, random^seed. 
This seed value is loaded into the LFSR whenever a write occurs to the RandomSeed register. Note that the 
seed value must not be all Is as this causes die LFSR to lock-up. 



» |3l|30|29|2S|27{26|25|24|23|22|2lj20|!9|l8|l7|l6|l5|l4|l3|l^^ ^l»|7|6|5|4|3|2|l|o 




XNOR 



output 
bit 



Figure 212. Maximum length 32-bit LFSR used for random bit generation 



29.5.4.2 Advance Dot Unit 

The advance dot unit is responsible for determining in a given cycle whether or not the error diffuse unit 
will accept a dot from the ink replacement unit or make a dot available to the fixative correct unit and on to 
the DWU. It therefore receives the dwu_dncjready control signal from the DWU, the iru^avail flag from 
the ink replacement unit, and generates dnc_dwu_flvail and edu_ready control flags. 

Only the dwu_dnc_ready signal needs to be checked to see if a dot can be accepted and asserts edu_ready 
to indicate this. If the error diffuse unit is ready to accept a dot and the ink replacement unit has a dot avail- 
able, then a advdot pube is given to shift the dot into the pipeline in the diffuse unit. Note that since the 
error diffusion operates on 3 dots, the advance dot unit ignores dwu_dnc_ready initially until 3 dots have 
been accepted by the diffuse unit. Similarly dncjdwu^avail is not asserted until the diffuse unit contains 3 
dots and the ink replacement unit has a dot available. 
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29.5.4,3 Diffuse Unit 

The difiEuse unit contains the combinatorial logic to implement the truth table from Table 147. The diffuse 
unit receives a dot consisting of 6 color planes (1 bit per plane) as well as an associated 6-bit dead nozzle 
mask value. 

Error diffusion is ^plicd to all 6 planes of the dot in parallel. Since error diffusion operates on 3 dots, the 
diffuse unit has a pipeline of 3 dots and their corresponding dead nozzle mask values. The first dot 
received is referred to as dot A, and the second as dot B, and the third as dot C. Dots are shifted along the 
pipeline whenever advdot is 1. A coxint is also kept of the number of dots received. It is incremented when- 
ever o^/i^^or is i, and wraps to 0 when it reaches maxjiot. When the dot count is 0 dot C corresponds to the 
first dot in a line. When the dot count is 1 dot A corresponds to the last dot in a line. 

In any given set of 3 dots only dot B can be defined as containing a dead no2zle(s). Dead nozzles are iden- 
tified by bits set in iru_dn_mask. If dot B contains a dead nozzle(s), the corresponding bit(s) in dot A, dot 
C, the dead nozzle mask value for A, the dead nozzle mask value for C, the dot count, as well as the ran- 
dom bit value are input to the tiuth cable logic and the dots A, B and C assigned accordingly. If dot B does 
not contain a dead nozzle then ^e dots are shifted along the pipeline unchanged. 

29.5.5 Fixative Correction Unit 

The fixative correction tmit consists of combinatorial logic to implement fixative correction as defined in 
Table 151. For each output dot the DNC determines if fixative is required for the new compensated dot 
data word and whether fixative is activated already for that dot. 

FixaclvePresenc = ( (PixativeHaskl *| FixativeMaak2) & edu^data) != 0 
FixativeRe<iuired » (FixativeReauiredKask & edu«.data) 0 

It then looks Uie truth table to see v/hax action* if any, needs to be taken. 



Table 1 51 . Truth table for fixaUve correction 



1 g^^^g 








1 


1 


Output dot as is. 


dnc_dwu_data s edu.data 


1 


0 


Clear fixath/e plane. 


dric^dwu.data = (edu.data) & -^FixativeMaskl | FtxatjveMask2) 


0 


1 


Attempt to add fixa- 
tive. 


if (FixativeMaskl & DnMask)1^0 

dnc.dwu_data » (edu.data) | (RxativeMaskZ & -DnMask) 
else 

dnc.dwu^data = (edu.data) i (FixativeMaskl) 


0 


0 


Output dot as is. 


dnc_dwu_data = edu.data 



When attempting to add fixative the DNC first tries to add.it into the plane defined by FixativeMaskJ . 
However, if this plane is dead then it tries to add fixative by placing it into the plane defined by 
FixativeMask2. Note that if both FixativeMaskJ and FixativeMasic2 are both all Os then the dot data will 
not be changed. 
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30 Dotline Writer Unit (DWU) 

30.1 Overview 

The Dotline Writer Unit (DWU) receives 1 dot (6 bits) of color information per cycle from the DNC. Dot 
data received is bundled into 256-bit words and transferred to the DRAM, The DWU (in conjunction with 
the LLU) implements a dot line FIFO mechanism to compensate for the physical placement of nozzles in a 
printhead, and provides data rate smoothing to allow for local complexities in the dot data generate pipe- 
line. 
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Figure 213. High level data fTow diagram of DWU In context 



30.2 Physical requirement imposed by the printhead 

The physical placement of nozzles in the printhead means that in one firing sequence of all nozzles, dots 
will be produced over several print lines. The printhead consists of 12 rows of nozzles, one for each color 
of odd and even dots. Odd and even nozzles are separated by X>2 pnnt lines and nozzles of different colors 
arc separated by Dj print lines. See Figure 214 for reference. The first color to be printed is tfie first row of 
nozzles encountered by the incoming p^er. In the example this is color 0 odd, although is dqsendent on 
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the printhead type (see Section 35 Memjet Printhead for other printhead arrangments). Paper passes under 
printhead moving downwards. 



Type 0 printhead IC 

Color 5 Even — 
Color 5 Odd — 
Color 4 Even — 
Color 4 Odd — 
Color 3 Even — 
Color 3 Odd — 
Color 2 Even — 
Color 2 Odd — 

• Color 1 Even ^ 

Color 1 Odd 

Color 0 Even — 
Color 0 Odd — 




eoe®e(&oo0 ilo q o ® ® ® & 

o €> ^ ® e ^ ^ 0— 
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QQQOOOQOQ [[ g) OOQQOOOQ 
0OQOOOOO Q l) QOOOOQQQO 

00O0O0000 |T0 00000000 

0 



0 0 0 0 0 0 0 
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0 0 0 0 0 0 0 
0 0 9 0 0 0 0 



000000000- 

182022 24 26 28 30 32 34 

O00000000- 



Type 1 printhead 10 



80 Jim 



-Shift register Order 




^ ^02=5ltnes 
Di= 5 lines 



Paper Direction 



Note: Psaper passes under printhead 

Figure 214. Printhead Nozzle Layout for conceptual 36 Nozzle bMithIc printhead 

For example if the physical sepaxation of each half row is SO^in equating to D,=D2=5 print lines at 
1600dpi. This means that in one firing sequence, color 0 odd nozzles will fire on dotline L, color 0 even 
nozzles will fire on dotline L-D|, color I odd nozzles will fire on dotline L-D1-D2 and so on over 6 color 
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planes odd and even no22les. The total number of lines fired over is given as 0+5+5 +5= 0 + 1 1x5 =55. 

See Figure 2 1 5 for example diagram. 
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Figure 215. Paper and printhead nozzles relationship (example with 0^=02=5) 

It is expected that the physical spacing of ithe printhead nozzles will be 80|im (or 5 dot lines), altfaou^^ 
there is no dependency on nozzle spacing. The DWU is configurable to allow other line nozzle spacings. 



Table 152. Relationship between Nozzle color/sense and line firing 
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30.3 Line rate de-coupling 

The DWU block is required to compensate for the physical spacing between lines of nozzles. It does this 
by storing dot lines in a FIFO (in DRAM) until such time as they are required by the LLU for dot data 
transfer to the printhead interface. Colors are stored separately because they are needed at different times 
by the LLU. The dot line store must store enough lines to compensate for the physical line sepaiation of 
the printhead but can optionally store more lines to allow system level data rate variation between the read 
(printhead feed) and write sides (dot data generation pipeline) of the FIFOs. 
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S5 



A logical representation of the FIFOs is shown in Figure 2 1 6, where N is defined as the optional number of 
extra half lines in the dot line store for data rate de-coupling. 
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Figure 216. Dot line store logical representation 



30.4 Dot line store storage requirements 

For an arbitrary page width of d dots (where d is even), the number of dots per half line is d/2. 

For interline spacing of D2 and inter-color spacing of D|, with C colors of odd and even half lines, the 
numbercf half line storage is (C - I) (D2+D1) + Dl. 

For N extra half line stores for each color odd and even, the storage is given by (N ♦ C * 2). 
The total storage requirement is ((C - 1) (D2+Di) -1- Dl + (N ♦ C ♦ 2)) ♦ d/2 in bits. 
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Note that when determining the storage requirements for the dot line store, the number of dots per line is 
the page width and not necessarily the printhead width. The page width is often the dot margin number of 
dots less than the printhead width. They can be the same size for full bleed printing. 

For example in an A4 page a line consists of 13824 dots at 1600 dpi. or 6912 dots per half dot line. To 
store just enough dot lines to account for an inter-line nozzle spacing of 5 dot lines it would take 55 half 
dot lines for color 5 odd, 50 dot lines for color 5 even and so on, giving 55+50+45... 10+5+0= 330 half dot 
lines in total. If it is assumed that N=4 then the storage required to store 4 extra half h'nes per color is 4 x 
12=48, in total giving 330+48=378 half dot lines. Each half dot line is 6912 dots, at 1 bit per dot give a 
total storage requirement of 6912 dots x 378 half dot lines / 8 bits = Approx 319 Kbytes, Similarly for an 
A3 size page with 19488 dots per line, 9744 dots per half line x 378 half dot lines / 8 = Approx 899 
Kbytes. 



Table 153. Storage requirement for dot line store 
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The potential size of the dot line store makes it unfeasible to be implemented in on-chip SRAM, requiring 
the dot line store to be implemented in embedded DRAM. This allows a configuzable dotline store where 
unused storage can be redistiibuted for use by other parts of the system. 



30.5 Local buffering 

An embedded DRAM is expected to be of the order of 256 bits wide, which results in 27 words per half 
line of an A4 page, and 54 words per half line of A3. This requires 27 words x 12 half colors (6 colors odd 
and even) ■» 324 x 256*bit DRAM accesses over a dotline print time, equating to 6 bits per cycle (equal to 
DNC generate rate of 6 bits per cycle). Each half color is required to be double bufFered, while filling one 
buffer the other buffer is being written to DRAM. This results in 256 bits x 2 buffers x 12 half colors i.e. 
6144 bits in total. 

The buffer requirement can be reduced, by using 1 .5 buffering, where the DWU is filling 128 bits while the 
remaining 256 bits arc being written to DRAM. While this reduces the required buffering locally it 
increases the peak bandwidth requirement to the DRAM. With 2x buffering the average and peak DRAM 
bandwidth requirement is the same and is 6 bits per cycle, alternatively with 1.5x buffering the average 
DRAM bandwidth requirement is 6 bits per cycle but the peak bandwiddi requirement is 12 bits per cycle. 
The amount of buffering used will depend on the DRAM bandwidth available to the DWU unit. 
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Figure 217. Comparison of 1.5x v 2x buffering 
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Should the DWU fail to get the required DRAM access within the specified time, the DWU will stall the 
DNC data generation. Thie DWU will issue the stall in sufficient time for the DNC to respond and still not 
cause a FIFO overmn. Should the stall persist for a sufficiently long time, the PHI will be starved of data 
^d be unable to deliver data to the printhead in time. The sizing of the dotline store FIFO and internal 
FIFOs should be chosen so as to prevent such a stall happening. 



30.6 Dotline data in memory 



The dot data shift register order in the printhead is shown in Figure 214 (the transmit order is the opposite 
of the shift register order). In the example the type 0 printhead IC transmit order is increasing even color 
data foUowed by decreasing odd color data. The type 1 printhead IC transmit oider is decreasing odd color 
data followed by increasing even color data. For both printhead ICs the even data is always increasing 
order and odd data is always decreasing. The PHI controls which printhead IC data gets shifted to. 

From this it is beneficial to store even data in increasing order in DRAM and odd data in decreasing order. 
While this order suits the example printhead, other printheads exist where it would be beneficial to store 
even data in decreasing order, and odd data in increasing order, hence the order is configurable. The order 
that data is stored in memory is controlled by setting the ColorLineSense register. 



Doc: SoPECharciware.design 
Version: 2.3 



S3 Proprietary Document 



«^ Nov 2002 
Page 467 



SoPEC : Hardware Design 



The dot order in DRAM for increasing and decreasing sense is shown in Figure 218 and Figure 219 
respectively. For each line in the dot store the order is the same (although for odd lines the numbering will 
be different the order will remain the same). Dot data from the DNC is always received in increasing dot 
number order. For increasing sense dot data is bundled into 256-bit words and written in increasing order 
in DRAM, word 0 first, then word I , and so on to word N, where N is the number of words in a line. 

For decreasing sense dot data is also bundled into 256-bit woids, but is written to DRAM in decreasing 
order, i.e, word N is written first then word N-1 and so on to word 0. For both increasing and decreasing 
sense the data is aligned to bit 0 of a word, i.e. increasing sense always starts at bit 0, decreasing sense 
always finishes at bit 0. 
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256-bit Words 



Even Dot Storage in DRAM (Increasing Sense) 



2sablts 




3it0 


bit 255 






.....502^^,510 


WbrdO 


512,514^16^18... 
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1024,1026.1028.1030 
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WordN 
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....13306.13308.1331O 


Wbnf 25 


133l2.13314.13316.133l8lMgiiUii^^jSS^g^^ 


Wort 26 



DWU 
Write 
Order 



Figure 218. Even dot order in DRAM (Increasing Sense, 13320 dot wide line) 



Even Dot Storage in DRAM (Decreasing Sense) 
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12806.12804.12802,.... 


12300,12298,12296 


12294,12292.12280,... 
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: 133ie-(N*S12)..... 


13318-((N4-1)*512)42 : 




12800.12602.12804..... 


....10,8,6 
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WbrdO 
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Wbrd25 
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DWU 
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Figure 219. Even dot order in ORAM (Decreasing Sense, 13320 dot wide line) 

Each half color is configured independently of any other color. The ColorBaseAtir register specifies the 
position where data for a particular dotline FIFO will begin writing to. Note that for increasing sense col- 
ors the ColorBaseAdr register specifics the address of the first word of first line of the fifo, whereas for 
decreasing sense colors the ColorBaseAdr register specifies the address of last word of the first line of the 
FIFO. 

Dot data received from the DNC is bundled in 256-bit words and transferred to the DRAM. Each line of 
data is stored consecutively in DRAM, with each line separated by ColorLineInc number of words. 

For each line stored in DRAM the DWU increments the line count and calculates the DRAM address for 
the next line to store. 
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This process continues until ColorFifoSize number of lines are stored, after which the DRAM address with 
wrap back to the ColorBaseAdr address. 



Increasing Sense Colors 

DRAM 



ColorBaseAdr 
(words) 



C9|grMoe|Ty? (wofdg)_ 





Decreasing Sense Colors 
DRAM 



ColorBaseAdr 
(words) 



XX 



Ma^WriteAhead (Unes) 



ColorFifoSize s N tines 




Rgure 220. Dotltne FIFO data structure In ORAM 

As each line is written to the FIFO, the DWU increments the Fi/oFillLevel register, and as the LLU reads a 
line from the FIFO the FifoFillLevel register is decremented. The LLU indicates that it has completed 
reading a line by a high pulse on the Uu_dwu_line^rd line. 

When the number of lines stored in the FIFO is equal to the MaxfVriteAhead value ttte DWU will indicate 
to the DNC that it is no longer able to receive data (i.e. a stall) by deasserting the dwujdnc_ready signal. 

The ColorEnable register detennines which color planes should be processed, if a plane is turned off, data 
is ignored for that plane and no DRAM accesses for that plane are generated. 
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30,7 Implementation 

30.7.1 Definitions of I/O 



Table 154. DWU I/O Definition 







mm 




Clocks and Resets 


pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active tow 


ONC interface 


dwu.dnc.ready 


1 


Out 


Indicates that OWU is ready to accept data ffX)m the DNC. 


dnc^dwu.ayail 


1 


In 


Indicates vaiki data present on dnc_dwu_jiata. 


dncdwu_data(5:0] 


6 


In 


Input bMevel dot data in 6 Ink planes. 


LLU intertece 


dwiJlu_Pne_wr 


1 


Out 


OWU Une write. Indk^ites that the OWU has completed a full 
line write. Active high 


llfu_dwujine.rd 


1 


In 


LLU line read. IncRcatee that the LLU has completed a tine 
read. Active high. 


LLU and DWU common configuration 


dwu_au_cfHDsize[1 1 :0]r7:0] 


12x8 • 


Out 


Indicates the number of lines in the FIFO before the Kne 

incremem will wrap around In memory. 

Bus 0.1 - Even. Odd Gne odorO 

Bus 2,3 * Even. Odd line cotor 1 

Bue 4,5 - Even, Odd line color 2 

Bus 6,7 - Even, Odd line color 3 

Bus 8,9 ' Even, Odd line color 4 

Bus 10.1 1 • Even, Odd line color 5 


PCU Interface 


pcu_dwu_8el 


1 


In 


Block select from the PCU. When pGUUd¥¥u_S9f\s high both 
pcu^adrand pcu^dataout an vaUd. 


pcu_rwn 


1 


In 


Common read/not-write signal from the PCU. 


pcu_adr(7:2) 


6 


In 


PCU address bus Only 6 brts are required to decode the 

address space for this block. 


pcu.dataout(3 1 :0] 


Z2 


In 


Shared write data knxs from the PCU. 


dwu_pcu_fdy 


1 


Out 


Ready signal to the PCU. When dwu_pcu_rcfy Is high it Indi- 
cates the last cyde of the access. For a write cyde this 
means pcujdataout has been registered by the bkx:k and 
for a read cycle this means the data on dwu^jKujdata is 

valkJ. 


dwu jx:u_data[31 :0] 


32 


Out 


Read data bus to the PCU. 


OIU Interface 


dwu_dhj_wreq 


1 


Out 


OWU requests DRAM write. A write request must be accom- 
panied by a valid write address together with valid write data 
and a write valid. 


dwu_d!u.wadr[21 'JS] 


17 


Out 


Write address to OIU 

17 bits wkie (256-blt aligned word) 


diu_dwu.wack 


1 


In 


Acknowledge from DIU that write request has been 
accepted and new write address can be placed on 
dwu_dit4_wadr 
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Table 154. DWU VO Definition 





Mil 


wm 




dwu_diu_data(63:0] 


64 


Out 


Data from DWU to DIU. 256-bit word transfer over 4 cycles 
First 64-bits is bHs 63:0 of 256 bit word 
Second 64-bits is bits 1 27:64 of 256 bit word 
Third 64-bits is bits 181:126 of 256 bit wofd 
Fourth 64-bits is bits 255:192 of 256 bit word 


dwu.<tiu_wvaiid 


1 


Out 


Signal from OWU mdicating that data on dwu diu data is 
valid. 
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30.7.2 OWU partition 
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Figure 221. DWU partition 



30.7.3 Configuration registers 

The configuration registers in the DWU are programmed via the PCU interface. Refer to section 2L8,2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the 
DWU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register 
reads and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for 
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the DWU. When reading a register that is less than 32 bits wide zeros should be returned on the upper 
unused bit(s} of dwu^cu^data. Table 155 lists the configuration registers in the DWU. 



Table 155. DWU registers description 













Control Registers 




0x00 


Reset 


1 


0x1 


Active low synchronous reset, self de-activating. A 
write to this register will cause a DWU block reset. 


0x04 


Go 


1 


0x0 


Active higti bit indicating the DWU Is programmed 
and ready to use. A low to high transition will cause 
DWU block intemal states to reset (oonf^iation 

registers are not reset). 


Dot Line Stofe Oonfiguration 


0x08-0x38 


CoiorBaseAdr(11K)] 


12x17 


0x00000 


Specifies the base address (in words) in memory 
where data from a particular half color (N) will be 
placed. 


0x3C-0x6C 


CororRfoStze[11:0] 


12x6 


0x00 


Indicates the number of lines in the RFO before 
the line increment vwll wrap around in memory. 
Bus 0,1 - Even, Odd line cotor 0 
Bus 2,3 - Even, Odd line cotor 1 
Bus 4,5 • Even. Odd line color 2, 
Bus 6.7 - Even. Odd Gne color 3 
Bus 8.9 - Even. Odd fine color 4 
Bus 10«1 1 - Even. Odd line color 5 


0x70 


CotorLineSense 


2 


0x2 


Specifies whether data written to DRAM (or this 
half cotor Is fncreasing or decreeing sense 

0 - Decreasing sense 

1 • Increasing sense 

Bit 0 Defines even cotor sense. 
Bit 1 Defines odd odor sense. 


0x74 


ColorEnatJie 


6 


0x3F 


Indicates whether a particular color is active or not. 
When inactive no data is written to DRAM for that 

cotor. 

0 - Cotor off 

1 - Color on 

On© bit per color, bit 0 is Color 0 and so on. 


0x78 


MaxWrfteAhead 


8 


0x00 


Specifies the maximum numt>er of lines that the 
DWU can be ahead of the iJ.U 


Ox7C 


UneSize 


16 


0x0000 * 


Indicates the number of dots per fine. 


Working Registers 


0x80 


UneOotCnt 


16 


0x0000 


Indtoates the number of remaining dots In the cur- 
rent line. (Read Only) 


0x84 


RfoRIlUevef 


8 


0x00 


Numk>er of lines in the FIFO, written to but not 
read. (Read Only) 



A low to high transition of the Go register causes the intemal states of the DWU to be reset. All configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the dwu _go ,j7ulse 
signal. 



The ColorLinelnc bus specifies the number of addresses (in 256-bit wrords) between successive half lines 
in the dot line store. It is derived from the LineSize register by rounding up the nearest 256-bit value. The 
same value used for ail half colors, 
if (line^aized iO) 1=0 ) then 

color^line_inc[7:0) » Ilne_size(lS : 8] ♦ 1 



Doc: SoPEC_hardwar0_design 
Version: 2.3 



S3 Proprietary Docunnent 



^ Nov 2002 

Page 473 





SoPEC : Hardware Design 



else 



color_line_inct7:0] = line_size [15 j 8] ; 



30.7.4 



Fifoflll level 



The DWU keeps a running total of the number of lines in the dot store FIFO. Each time the DWU writes a 
line to DRAM (determined by the DIU inter&ce subblock and signalled via line^wr) it increments the 
filllevel and signals the line increment to the LLU (pulse on dwujlujine_wr). Conversely if it receives an 
active llu_dwujine_rd pulse from the LLU, the filllevel is decremented If the filllevel increases to the pro- 
grammed max level [max_write_ahead) then the DWU stalls and indicates back to the DNC by de-assert- 
ing the dwu_dnc_re€uiy signal. 

If one or more of the DIU buffers fill, the DIU interface signals the fiD level logic via the bufjull signal 
which in turn causes the DWU to de-assert the dwu^dnc^ready signal to stall the DNC. The bufJUll sig- 
nals will remain acdve until the DIU services a pending request from the full buffer, reducing the buffer 
leveL 

The DWU does not increment the fill level until a complete line of dot data is in DRAM not just a com- 
plete line received from the DNC. This ensures that the LLU cannot start reading a partial line from 
DRAM.before the DWU has finished writing the line. 

The fill level is reset to zero each time a new page is started, on receiving a pulse via the dwu _go,jmlse 
signal. 

The line fifo fill level can be read by the CPU via the PCU at any time by accessing the FybfiULevel regis- 
ter. 
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30.7.5 Buffer address generator 
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data„activa 
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Hno.do^cnt 



Odd 

bit-write 

decode 



®1 

— ► wrj«(11(e3:0] 
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■> w^adfl1l3:01 



wrjd(n_data 



Figure 222. Buffer address generator sub-block 



30,7.5. i Buffer addr0ss generator description 

The buffer address generator subblock is responsible for accepting data from the DNC and writing it to the 
DIU buffers in the correct order. 

The buffer address and active bit-write for a particular dot data write is calculated by the buffer address 
generator based on the dot count of the current line, programmed sense of the color and the line size. 

All configuration registers should be programmed while the Go bit is set to zero, once complete the block 
can be enabled by setting the Go bit to one. The transition from zero to one will cause the internal states to 
reset 

If the color^line^sense signal for a color is one (i.e. increasing) then the bit-write generation is straight 
forward as dot data is aligned with a 256-bit boundary. So for the fii^t dot in that color, the bit 0 of the 
wrjbit bus will be active (in buffer word 0), for the second dot bit 1 is active and so on to the 255* dot 
where bit 63 is active (in buffer word 3). This is repeated for all 256-bit words until the final word where 
only a partial number of bits are written before the word is transferred to DRAM. 

If color Jiinejsense signal for a color is zero (i.e. decreasing) the bit-write generation for that color is 
adjusted by an offset calculated from the pre-progranuned line length {line^ize). The offset adjusts the bit 
write to allow the line to finish on a 256-bit boundary. For example if the line length was 400, for the fizst 
dot received bit 7 (line length is halved because of odd/even lines of color) of the wrjbit is active (buffer 
word 3), the second bit 6 (buffer word 3), to the 200* dot of data with bit 0 oiwr_bit active (buffer word 
0). 
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30.7.5.2 Bit-write decode 



The buffer address generator contains 2 instances of the bit-write decode, one configured for odd dot data 
the other for even. The counter (either up or down counter) used to generate the addresses is selected by 
the colorjinejsense signal. Each block determines if it is active on this cycle by comparing its configured 
type with the current dot count address and the datajactive signal. 

The wrj}it bus is a direct decoding of the lower 6 count bits {count [6: 1 ])^ and the DIU buffer address is 
the remaining higher bits of the counter {count [1 0:7]). 

The signal generation is given as follows: 
// determine the counter to use 
if (color_line_sense == 1 > 

count = up_cnt(10;0] 
else 

count = dn_ciit (10:03 
// determine if active, based on instance type 

wr_en = datajactive Sr (count (0] ^ odd_even_type) // odd =1, even =0 

// determine the bit write value 
wr_bit(63:01 « decode (count (6 : 1] > 
// determine the buffer 64 -bit address 
wr_adr[3:0] a count (10:7] 



30.7.5.3 Up counter generator 

The up counter increments for each new dot and is used to determine tiie write position of the dot in the 
DIU bufifers for increasing sense data. At the end of each line of dot data (as indicated by iine Jin), the 
counter is rotmded up to the nearest 256Kbit word boundary. This causes the DIU buffers to be flushed to 
DRAM including any partially filled 256-bit words. The counter is reset to zero if the dwu^o _pulse is 
one. 

// l^-Counter Logic 

if <dwu_jgo_j>ulse == 1) then ( 

up_cnt [10:01 » 0 
elsif (line^fin == 1 ) then 

// round up 

if (up_cnt(8il) != 0) 
up_cnt (10:91++ 

else 

up_cnt(10:9) 

// bit^selector 

up_cnt[7;0)=0 

elsif ( (dnc_dwu_avail == 1) and (dwu_dnc_ready 1 ) ) then 
up_cnt (7:01 ++ 



30.7.5.4 Down counter generator 

The down counter logic decrements for each new dot and is used to detexmine the write position of the dot 
in the DUI buffers for decreasing sense data. When the dwu^go^pulse bit is one the lower bits (i.e. 8 to 0) 
of the counter are reset to line size value (line^ize), and die higher bits to zero. The bits used to determine 
the bit-write values and 64-bit word addresses in the DIU buffers begin at line size and count down to zero. 
The remaining higher bits are used to determine the DIU buffer 256-bit address and buffer fill level, begin 
at zero and count up. The counter is active when valid dot data is present, i.e, dnc^dwu^avail equals 1. 

When the end of line is detected {line Jtn equals 1) the counter is rounded to the next 256*bit word, and the 
lower bits are reset to the line size value. 

//Down -Counter Logic 

if (dwu_go^ulse == 1) then 
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dn_cnt[a:0) » line.size [8 : 0] 
<3Ln_cnt(iO:9J b 0 
els if {line^fin == X ) then 
/ / ■ perform rounding up 
if (dn_cnt(8:13 != 0) 

<31n_cnt[10:9]++ 
else 

dn_cnt 110:9] 
// bit -select is reset 

dn_cnt [8:0] =line_size(8:0] // bit select bits 
elsif ( (drtc_dwu_avail == 1) AND (dwu.dnc.ready == 1 ) > then 
dn_cntC8;01 — 
dn.cnt[10:9J+* 



The dot counter simply counts each active dot received from the DNC. It sets the counter to Hne^ize and 
decrements each time a valid dot is received. When the count equals zero the line Jin signal is pulsed and 
the counter is reset to /ine^tze. 

The counter is reset to Une^ize when dwu^o ^pxdse is 1. 



The DIU buifer is a 64 bit x 8 word dual port register anay with bit write capability. The buffer could be 
implemented with flip-flops should it prove more efficient 



30,7.5.5 Dot counter 



30.7.6 



DIU buffer 
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S5 



30.7.7 DIU interface 
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Figure 223. OIU interface sub-block 



30.7. 7. 1 DIU Interface general description 

The DIU interface determines when a buifer needs a data word to be transfeired to DRAM. It generates the 
DRAM address based on the dot line position, the color base address and the other programmed parame- 
ters. A write request is made to DRAM and when acknowledged a 256-bit data word is transferred. The 
interface determines if further words need to be transferred and repeats the transfer process. 

If the FIFO in DRAM has reached its maximum level, or one of the buffers has temporarily filled, the 
DWU will stall data generation from the DNC. 

A similar process is repeated for each line until the end of page is reached. At the end of a page the CPU is 
required to reset the internal state of the block before the next page can be printed. A low to high transition 
of the Go register will cause the internal block reset, which causes all registers in the block to reset with 
the exception of the configuration registers. The transition is indicated to subblocks by a pulse on 
dwu^go^pulse signal. 
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30J7.7.2 Interface controller 
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Datal : Data word 1 transfer 

Data2: Data word 2 transfer 

Data3: Data word 3 transfer 



Data3 



^ buf_rd_e 

Figure 224. Interface controller state diagram 



The intezface controller state machine waits in Idle state until an active request is indicated by the read 
pointer (via the req_active signal). When an active request is received the machine proceeds to the Col- 
orSelect state to detennine which bulTers need a data transfer In the ColorSelect state it cycles through 
each color and determines if tiie color is enabled (and consequently the buffer needs servicing), if enabled 
it jumps to the Request state, otherwise the color^cnt is incremented and the next color is chected. 

In the Request state the machine issues a write request to the DIU and waits in the Request state until the 
write request is acknowledged by the DIU (diu_dwu_wack). Once an acknowledge is received the state 
machine clocks through 4 cycles transferring 64-'bit data words each cycle and incrementing the corre- 
sponding buffer read address. After transferring the data to the DIU the machine returns to the ColorSelect 
state to determine if further buffers need servicing. On the transition the controller indicates to the addmss 
generator (jadr_update) to update the address for that selected color. 

If all colors are transferred (color^cnt equal to 6) the state machine returns to Idle, updating the last word 
flags (group Jin) and request logic {reqjupdate). 

The dwu_diu_wvalid signal is a delayed version of the buf_rd_en signal to allow for pipeline delays 
between data leaving the buffer and being clocked through to the DIU block. 

The state machine will return from any state to Idle if the reset or the dwu_go_jfulse is 1 . 
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30.7.7.3 Address generator 



The address generator block maintains 12 pointers (color^adrfl J :0J) to DRAM corresponding to current 
write address in the dot line store for each half color. When a DRAM transfer occurs the address pointer is 
used first and then i^niated for the next transfer for that color. The pointer used is selected by the req_sel 
bus, and the pointer update is initiated by the adrjupdate signal from the interface controller. 

The pointer update is dependent on the sense of the color of that pointer, the pointer position in a line and 
the line position in the FIFO. The programming of the colorjbase^adr needs to be adjusted depending of 
the sense of the colors. For increasing sense colors the colorjbase^adr specifies the address of the first 
word of first line of the fifo, whereas for decreasing sense colors the colorjbase^adr specifies the address 
of last word of the first line of the FIFO. 

For increasing colors, the initialization value (i.e. when dwu^o _pulse is 1) is the colorjbase_fldr For 
each word that is written to DRAM the pointer in incremented. If the word is the last word in a line (as 
indicated by last^wd firom that read pointers) the pointer is also incremented. If the word is the last word in 
a line, and the line is the last line in the FIFO Cmdicated by fifo^end firaa the line counter) the pointer is 
reset to colorjbasejadr. 

In the case of decreasing sense colors, the initialization value (i.e. when dwu _go_pulse is 1) is the 
colorJfa5e_adr. For each line of decreasing sense color data the pointer starts at the line end and decre- 
ments to the line start. For each word that is written to DRAM the pointer is decremented. If the word is 
the last word in a line the pointer is incremented by color Jinejnc •2 + 1. One line length to account for 
the line of data just written, and another line lengtii for the next line to be written. If the word is the last 
word in a line, and the line is the last line in the FIFO the pointer is reset to the initialization value (Le. 
color Jbase^adr), 

The address is calculated as follows: 

if (dwu_go^ul8e =«= 1) chen 

color_adr(ll:0] = color_base_adrCll :0H2X : 51 
elsif (adr_update == 1) then ( 

// determine the color 

color » reQ_Bel(3:0] 

// line end ond fifo wrap 

if ( <f if o_endt color) 1) AND (lagt_wd == 1)) then { 
// line end and fifo %orap 

color_adr[color) = color_ba3e_adr [color] (21 51 
) 

elsif ( last_wd == 1) then { 

// just a line end no fifo %nrap 

if (color.line^sense [color % 2] ^= 1) then // increasing sense 



color^adr (color) — 

) 

) 

// select the correct address « for this transfer 
dwu_diu_wadr = color_adr ( req_sel ) 
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30.7 J A Line count 

The linp counter logic counts the number of dot data lines stored in DRAM for each colon A separate 
pointer is maintained for each color. A line pointer is iq>dated each time the final word of a line is trans- 
feired to DRAM. This is determined by a combination of adr^update and lastjwd signals. The pointer to 
update is indicated by the req^el bus. 

When an update occurs to a pointer it is compared to zero, if it is non-zero the count is decremented, oth- 
erwise the counter is reset to color Jifojsize, If a counter is zero the fifo^end signals is set high to indicates 
to the address generator block that the line is the last line of this colors fifo. 

If the dwu_go^ulse signal is one the counters are reset to color J\fo ^ize. 

if (dwu^o^ulse » 1) then 

line_cnttll:01 » color.fifo_si2etll:03 
elsif ((adr.update 1) and (last.wd =f= 1)) then ( 
// determine the pointer to operate on 
color = req_sel{3:0] 
// update the pointer 
if (line.cnt (color] 0) then 

Xine.cnt [color] = color.f if o_8ize( color] 
else 

line_cntCi) — 

-) 

// count is zero ita the last line of fifo 
for<i=0 :± <12;i*+){ 

fifo_end[il = (line_cntri3 == 0) 

} 

30.7.7,5 Read Pointer 

The read pointer logic maintains ^e buffer read address pointers. The read pointer is used to determine 
which 64-bit words to read from the buffer for transfer to DRAM. 

The read pointer logic compares the read and write pomters of each DIU buffer to determine which buffers 
require data to be transferred to DRAM (pend[ll:0] bus), and which buffers are full (the bufjuli signal). 
Only enabled buffers are considered as indicated by the coior^enable bus. 

Buffers are grouped into odd and even buffers groups. If an odd buffer requires DRAM access the 
oddjfend signals will be active, if an even buffer requires DRAM access the even _j>end signals will be 
active. If both odd and even buffers require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic will indicate to the interface controller via the req_active 
signal, with the odd^even^ei signal determining which group of buffers get serviced. The interface con- 
troller will check the color^enable signal and issue DRAM transfers for all enabled colors in a group. 
When the transfers are complete it tells the read pointer logic to update the requests pending via 
reqjupdate signal. 

The req^el[3:0] signal tells the address generator which buffer is being serviced^ it is constructed from 
the odd^evenjsel signal and the color jont [2:0] bus from the interface controller. When data is being trans- 
ferred to DRAM the word pointer and read pointer for the corresponding buffer are updated. The req^el 
determines which pointer should be incremented. 
// determine which buffers need updates 
for( i=0; i<12; i^+) < 

// determine if re<iuest is active, filtered by color enable 

if ( wr_adr(i] 13:21 !*= rd-adr ( ilO :23 ) 
pend(i) = color_enable( i / 2) 

else 

pendCi] = 0 
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// determine if any enabled buffer Is full 

if ((wr_aarli3[3:OJ - rd_adr [ i] (3 : 0] ) > 7> AND (color_enable(i / 21 1)) then 
buf.full a 1 

> 

// Odd half colors <1, 3. 5, 7. 9, 11), even half colors <0, 2, 4, 6, 8, 10) 
oddj>end = < pend[ll | pend[3) | pendfSl | pend[7J | pend[9J | pend[ll] ) 
even_j>end = ( pend{OJ j pend(21 | pend[4] j pend[6} | pend(8J | pend(lO) ) 
y/ fixed servicing order, only update when controller dictates so 
if (req_update == 1) then ( 

if (even.j>end == l) then // even always first 

odd_even^sel = 0 
req_active = 1 
els if (odd^end 1 ) then // then check odd 
odd^even^sel e o 
req^active « l 
«lse // nothing active 

odd_even_sel =0 
req_active = 0 

) 

// selected requestor 

req„sel(3:0] = {color_cnt [2 sO] , od<JLeven_sel > // concatentatlon 

The read address pointer logic consists of 12 2-bit counters and a word select pointer. The pointers are 
reset when dwu^go^ulse is one. The word pointer {word_ptr) is common to all buffers and is used to read 
out the 64-bit words from the DIU buflfer. It is incremented when huf_rd_en is active. If the word j>tr is 3 
and ^Q.buf_rd_en is active the selected read pointer {rd _ptr[req_selj) will be incremented. A concatena- 
tion of the read pointer and the word pointer arc use to construct the buffer read address. The read pointers 
are not reset at die end of each line. 
// determine which pointer to update 
if (dwu_go_pulse 1) then 

rd_ptr(ll:0] = 0 

word__ptr «= 0 

elsif (bt2f_rd_en == 1) then { 

word_j?tr++ 

if (word_ptr == 3 ) then 
rA_ptr t reo^sel } 

) 

// create the address from the pointer, and word reader 
rd_adr(re<L_fiel) = (rd_ptr(req_sel3 ,wordj>tr) // concatenation 

The read pointer block detnmines if the word being read from the DIU buffers is the last word of a line. 
The buffer address generator indicate the last dot is being written into the buffers via the line Jin signal. 
When received the logic marks the 256-bit word in the buffers as the last word. When the last word is read 
from the DIU buffer and transferred to DRAM, the flag for that word is reflected to the address generator. 

// line end set the flags 
if (dwu_go_pulse == 1) then 

last_flag[l :0] (l;0] = 0 
elsif <line_fin 1 ) then 

//'determines the current 256-bit word even been written to 

last^flagtO) (wr^adrtOl {2J 1 =1 // even group flag 

// determines the current 256-bit word odd been written to 

last_flag(ll (wr_adr(l) [2] 1 =1 // odd group flag 
// last word reflection to address generator 
laat_wd «= last_£lag(od4_even.8elJ [rcLpt:rtrea.8el) (0) ] 
// clear the flag 
if {group^fin == 1 ) then 

last_f lag(odd_even_selJ (r<SL_Ptr [req_sel] fO} ) « 0 

When a complete line has been written into the DIU buffers (but has not yet been transferred to DRAM), 
the buffer address generator blodc will pulse the line Jin signal. The DWU must wait until all enabled 
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buffers arc transfemed to DRAM before signaling the LLU that a complete line is available in the dot line 

store idwujlujine_wr signal). When the Unejin is received all buffers will require transfer to DRAM. 

Due to the arbitration, the even group will get serviced first then the odd. As a result the line finish pulse to 

the LLU is generated from the lastjiag of the odd group. 

// must be odd, odd group transfer complete and the last word 

**u_llu_line_wr 3 odd_even_sel AND group_f in AND last.%«i 
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31 Line Loader Unit (LLU) 

31.1 Overview 

The Line Loader Unit (LLU) reads dot data from the line buffers in DRAM and structures the data into 
even and odd dot channels destined for the same print time. The bloclcs of dot data are transferred to the 
PHI and then to the printhead. Figure 225 shows a high level data flow diagram of the LLU in context 
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Rgure 225. High level data flow diagram of LLU in context 



31 .2 Physical requirement imposed by the printhead 

The DWU re-orders dot data into 12 separate dot data line FIFOs in the DRAM. Each RFO corresponds to 
6 colors of odd and even data. The LLU reads the dot data line FIFOs and sends the data to the printhead 
inter&ce. The LLU decides when data should be read from the dot data line FIFOs to correspond with the 
time that the particular nozzle on the printhead is passing the current line. The interaction of the DWU and 
LLU with the dot line FIFOs compensates for the physical spread of nozzles firing over several lines at 
once. For further explanation see Section 30 Dotlinc Writer Unit (DWU) and Section 32 PrintHead Inter- 
face (PHQ. Figure 226 shows the physical relationsh^ of nozzle rows and the line time Uie LLU starte 
reading from the dot line store. 



Encountered 
Nozzle Row 
Order 




Print Line No: 55 50 45 • 



40 35 30 25 20 15 -10- 5 0 

Paper Flow ^ 



Figure 226. Paper and printhead nozzles relationship (example with DiBD2=:5) 
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Within each line of dot data the LLU is required to generate an even and odd dot data stream to the PHI 
block. Figure 227 shows the even and dot streams as they would map to an example bi-lithic printhead. 
The PHI block determines which stream should be directed to which printhead IC. 



Even Dot Stream 



Odd Dot Stream^ 




5 Lines 



Paper 
Direction 



M • Midway point cn dots 
N - Number of dots In a line 



Note: Paper passing under printhead 

Figure 227. Printhead structure and dot generate order 



31 .3 DOT GENERATE AND TRANSMIT ORDER 

The structure of the printhead ICs dictate the dot transmit order to each printhead IC. The LLU reads data 
from the dot line FIFO, generates an even and odd dot stream which is then re*ordered (in the PHI) into the 
transmit order for transfer to the printhead. 

The DWU separates dot data into even and odd half lines for each color and stores them in DRAM. It can 
store odd or even dot data in increasing or decreasing order in DRAM. The order is programmable but for 
descriptive purposes assume even in increasing order and odd in decreasing order. The dot order structure 
in DRAM is shown in Figure 219. 

The LLU contains 2 dot generator units. Each dot generator reads dot data from DRAM and generates a 
stream of odd or even dots. The dot order may be increasing or decreasing depending on how the DWU 
was programmed to write data to DRAM. An example of the even and odd dot data streams to DRAM is 
shown in Figure 228. In the example the odd dot generator is configured to produce odd dot data in 
decreasing order and the even dot generator produces dot data in increasing order. 

The PHI block accepts the even and odd dot data streams and reconstructs the streams into transmit order 
to the printhead. 

The LLU line size refers to the page width in dots and not necessarily the printhead width. The page width 
is often the dot maigin number of dots less than the printhead width. They can be the same size for full 
bleed printing. 
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Even dots from Line Y 
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Example: Une with 13824 dots, with 7:3 printhead 
Figure 228. Dot data generated and transmitted order 



31.4 LLU START-UP 

At the start of a page the LLU must wait for the dot line store in DRAM to fill to a configured level (given 
by FifoReadThreshold) before starting to read dot data. Once the LLU starts processing dot data for a page 
it must continue until the end of a page, the DWU (and other PEP blocks in the pipeline) must ensure there 
is always data in the dot line store for the LLU to read, otherwise the LLU will stall, causing the PHI to 
stall and potentiaUy generate a print error. The FifoReadThreshold should be diosen to allow for data rate 
mismatches between the DWU write side and the LLU read side of the dot line FIFO. The LLU will not 
generate any dot data until FifoReadThreshold level in the dot line FIFO is reached. 

Once the FifoReadThreshold is reached the LLU begins page processing, the FifoReadThreshold is 
ignored from dien on. 

When the LLU begins page processing it produces dot data for all colors (although some dot data color 
may be null data). The LLU compares die line count of the current page, when the line count exceeds the 
ColorRelLine configured value for a particular color the LLU will start reading from that colors FIFO in 
DRAM. For colors that have not exceeded the ColorRelLine value the LLU will generate null data (zero 
data) and not read from DRAM for that color. ColorRelLine [N] specifies the number of lines separating 
the half color and the first half color to print on that page. 

For the example printhead shown in Figure 226, color 0 odd will start at line 0» the rcmaitiing colors will 
all have null data. Color 0 odd will continue writh real data until line 5, when color 0 odd and even will 
contain real data the remaining colors will contain null data. At line 10, color 0 odd and even and color 1 
odd will contain real data, with remaining colors containing null data. Every S lines a new half color will 
contain real data and the remaining half colors null data until line 55, when all colors will contain real 
data. In the example ColorRelLine [0] -5. ColorRelLinefJf =0, ColorRelLine f2J «15, ColorRelLine f3J 
=10.. etc. 
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It is possible to turn off any one of the color planes of data (via the ColorEnable register), in such cases the 
LLU will generate zeroed dot data information to the PHI as normal but will not read data from the 
DRAM. 



31.4.1 LLU bandwidth requirements 



The LLU is required to generate data for feeding to the printhead interface, the rate required is dependent 
on the printhead construction and on the line rate configured. The maximum data rate the LLU can pro- 
duce is 12 bits of dot data per cycle, but the PHI consumes at 12 bits per pAic/Jt cycle (2/3 pc/itrate), i.e. 8 
bits per pclk cycle. Therefore the DRAM bandwidth requirement for a double buffered LLU is 8 bits per 
cycle on average. If 1.5 buffering is used then the peak bandwidth requirement is doubled to 16 bits per 
cycle but the average remains at 8 bits per cycle. Note that whUe the LLU and PHI could produce data at 
the 8 bits per cycle rate, the DWU can only produce data at 6 bits per cycle rate. 
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31 .5 Implementation 

31.5.1 LLU partition 



17 

dlu_data 



dhi_llu_fvand- 
<Jiu_nu_rack - 
Bu^dlu^rreq < 



dwu_nu_cfff05teB 



12x8^ 



wr_en 






wr_adr 


6]^ 


-> 



DIU 

Interface 



-'^6/8/12x17 



64 



x6 



DIU 
Buffer 

Swords 
x64bit3 



rcl_data 



fd_adr 



bu>_emp ^ 



wrjdata 



wr_en 



i 



wr_adr 



7 »| 



x6 



OIU 
Buffer 

Swords 
x64k^ts 



rd_data 6x64 



rdadr 



llu.en 



-IL 



Configuration 
registers 



1 8, 1 1 1 1 



flu_go_pulse 
fiPtevai 



tlfo_read thres ^ 



RFO 
RU Level 



FT 



Even dot 
generator 



^ — GnQ_8iZ0 

— phLHu-readylO) 
1lu_phLavaii{0] 



Odd dot 
generator 



' lhj_phj_data[0] 
• iru_90.i>utsa 

nne_8iZ8 
— phi.Uu_ready(ij 



y » llujjhl_dataC1) 
4 ■ — Uu_go jHjfsa 



I 



Figure 229. LLU partition 



31 .5.2 Definitions of I/O 

Table 156. LLU I/O definition 
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Cf oclcs and Resets 


pdk 
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In 


System doctc 
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In 


System reset, synchronous active tow 


PHI Interface 
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Table 1S6. LLU VO definition 











llu_phLda1a[1.'0][5:0] 


2x6 


Out 


Dot Data from LLU to the PHI, each bit is a color plane 5 downio 0. 
Bus 0 - Even dot data stream 
Bus 1 > Odd dot data stream 

Data Is active when corresponding bit Is active In Uu _phi^avaui bus 


phUlu.ready[1K)] 


2 


In 


Indicates that PHI is ready to accept data from the LLU 

0 • Even dot data stream 

1 • Odd dot data stream 


llu_phLavaiI[1:0] 


2 


Out 


Indicates valid data present on corresponding Uu.j>hLd&tB. 

0 - Even dot data stream 

1 - Odd dot data stream 


DIU rnterface 


Uu_dtu_rreq 


1 


Out 


LLU requests DRAM read. A read request must be accompanied 
by a valid read address. 


Itu_diu_ra<IrI21 5] 


17 


Out 


Read address to DIU 

17 bits wide (256-bH aligned word). 


<liu_llu_rack 


1 


In 


Acknowledge from DIU that read request has been accepted and 
new read address can be placed on ttujcSujraiir 


diu.data[63:0] 


64 


In 


Data from DIU to LLU. Each access is 2S6-b(ts received over 4 
dock cycles 

First 64-bits is bits 63:0 of 256 bit word 
Second 644}its is bits 127:64 of 256 bit word 

Thiid 64-bits is bits 191:128 of 256 bit word 
Fourth 64-t>lts Is bits 255:192 of 256 bit word 


diu_8u.rvaUd 




In 


Signal from OIU telling LLU that valid read data is on the dm_da.ta 
bus 


OWU Interface 


dwujtujtne_wr 




In 


OWU line write, indicates that the DWU has completed a full fine 

write. Active high 


llu_dwu_line_rd 




Out 


LLU line read. lndk;ates that the LLU has completed a Gne read. 
Active high. 


dwu.1lu_cfifosize[1 1:0][7:0] 


12x8 


In 


Indicates the number of lines in the FIFO before the line increment 
will wrap around in memory. 


PCU Interface 


pcujlu_8el 




In 


Block select from the PCU. VSftwn pcuLfftL.se/ Is high both fKujaOr 
and pcu^dataoutare valid. 


pcu_rwn 




In 


Common read/not-write signal from the PCU. 


pcu_adrt7:2] 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 
space for this btock. 


pcu_dataout[3l:0] 


32 


In 


Shared write data bus from the PCU. 


Hu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When Uu_pcu_niy\s high It Indicates the 
last cycle of the access. For a write cycle this mearts pcu^dataout 
has been registered by the block and for a read cycle this means 
the data on ttujKtuelata is vaTtd. 


nu_pcu.daia(31:0] 


32 


Out 


Read data bus to the PCU. 



31.5.3 Configuration registers 

The coniiguFation registers in the LLU are progFammed via the PCU interface. Refer to section 21.8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the 
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LLU. Note that since addresses in SoPEC arc byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
LLU. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of llu^pcu^data. Table 1 57 lists the configuration registers in the LLU. 



Table 157. LLU registers description 




Control Registere 



0x00 


Reset 


1 


0x1 


Active low synchronous reset, seff de-activating. A 
write to this register wiD cause a LLU block reseL 


0x04 


Go 


1 


0x0 


Active hlQh bit irKficating the LLU Is programmed and 
ready to use. A low to high transition wQl cause LLU 
blodc internal states to reset 


Configuratton 




0x08-0x38 


ColorBaseAdrt11:0] 


12x17 


0x0000 
0 


Specilies the base address (in words) in memory 
where data from a particular half color (N) Mrill be 
piaced. 


0x3C 


CoforEnable 


6 


0X3F 


indicates whether a particular color Is active or not. 
When inactive no data Is written to ORAM for that 
color. 

0- Color off 
1 - Color on 

One bit per Gok>r» bit 0 is Color 0 and so on. 


0x40 


UneSize 


16 


0x0000 


Indicates the number of dots per line. 


0x44 


RfbReadThreshold 


8 


0x00 


Specifies the number of lines that should be in the 
FIFO before the LLU starts reading 


0x48-0x78 


ColorRelUne[11K>] 


12X8 


0x00 


Specifies the relative number of fnes to %vait from the 

first before starting to read dot data from the oorre- 

spondtng dot data RFO 

Bus 0,1 • Even. Odd fine ootor 0 

Bus 2,3 - Even, Odd fine cofor 1 

Bus 4,5 - Even, Odd fine oofor 2 

Bus 6.7 • Even, Odd fine ootor 3 

Bus 8,9 - Even, Odd fine color 4 

Bus 10,1 1 - Even, Odd line cotor 5 


Wbrfcfng Registers 


0x7C 


BfoFUILevel 


8 


0x00 


Number of lines in the dot line FIFO, line written in but 
not read out. (Read Only) 



A low to high transition of the Go register causes the internal states of the LLU to be reset All configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the llu^o^jmlse 
signal. 

The ColorLineInc bus specifies the number of addresses (in 256-bit words) between successive half lines 
in the dot line store, is used to determine when a half line of data is read from DRAM. It is derived from 
the LineSize register by rounding up the nearest 2S6-bit value. The same value used for ail half colors, 
if <line.eizo(7:0] ! =0 ) then 

color_line_incr7:0I = line_size(IS ;8) 1 
else 

color_l ine_inc 1 7 : 0 ) = 1 ine_s i ze C 1 S : 8 ] ; 
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31.5.4 Dot generator 
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Figure 230. Dot generator RTL Diagram 



The dot generator block is responsible for reading dot data from the DIU buffers and sending the dot data 
in the correct order to the PHI block. The dot generator waits for llu_en signal from the fifo fill level block, 
once active it starts reading data from the 6 DIU buffers and generating dot data for feeding to the PHI. 

In the LLU there are two instances of the dot generator, one generating odd data and the other generating 
even data. 

At any time the ready bit from the PHI could be de-asserted, if this happens the dot generator will stop 
generating data, and wait for the ready bit to be re-asserted. 



31.5.4,1 Dot count 

In normal operation the dot counter will wait for the Hu^en and the ready to be active before starting to 
count. The dot count will produce data as long as the phijlu^ready is active. If the phijlu^ready signal 
goes low the count will be stalled 

The dot counter increments for each dot that is processed per line. It is used to detennine the line finish 
position, and the bit select value for reading from the DIU buffers. The counter is reset after each line is 
processed {line Jin signal). It determines when a line is finished by comparing the dot count with the con- 
figured line size divided by 2 (note that odd numbers of dots will be rounded down). 

// define the line finish 
I if <dot_cnt(14:0) =o li.ne.aize [15:1] )thea 

line_fin = 1 
else 

line_fin = 0 
// determine if word is valid 

detractive = ( (llu_en == 1) AND (phi_llu_ready 1) AND {buf_«iv> ««= 0)) 
// counter logic 
if (llu_go__pulse 1) then 
dot_cnt = 0 

elsif ((detractive == 1)AND (line_fin == 1)) then 

dot_cnt « 0 
elsif (detractive i) then 

dot_cnt « dot_cnt ♦ 1 
else 

dot_cnt = dot_cnt 
// calculate the word select bits 
bit_selCS:01 := dot_cnt(5:0] 
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The dot generator aJso maintains a read buffer pointer which is incremented each time a 64-bit word is 
processed. The pointer is used to address the correct 64-bit dot data word within the DIU buffers. The 
pointer is reset when llu^o^ulse is 1. Unlike the dot counter the read pointer is not reset each line but 
rounded up the nearest 256-bit word. This allows for more efficient use of the DIU buffers at line finish. 

// read pointer logic 
it (llu.go_pulse ss i) then 
readLadr = 0 

elsif (( detractive == 1) AND (<Jot_cnt(5: 0) = 63 ) ) then 

reaci^adr ♦+ // normal increment 

elsie (( dot_active =« 1) AMD (line_fin « 1 )) then { 

// special end of line case 

if <dot_cntt7s0l != 0) then 



The LLU keeps a running total of the number of lines in the dot line store FIFO. Every time the DWU sig- 
nals a line end (dwujiujine^wr active pulse) it increments the fiUieveL Conversely if the LLU detects a 
line end (line_ni pulse) the filllevel is decremented and the line read is signalled to the DWU via the 
llu_dwujline^rd signal. 

The LLU fill level block is used to determine when the dot line has enough data stored before the LLU 
should begin to start reading. The LLU at page start is disabled. It waits for the DWU to write lines to the 
dot line FIFO, and for the fill level to increase. The LLU remains disabled until the fill level has reached 
the programmed threshold {fifo^read_thres). When the threshold is reached it signals the LLU to start pro- 
cessing the page by setting llu_en high. Once the LLU has started proces^g dot data for a page it will not 
stop if the filllevel falls below the threshold 

The line fifo fill level can be read by the CPU via the PCU at any time by accessing the FifoFillLevel regis- 
ter. The CPU must toggle the Go register in the LLU for the block to be correcdy initialized at page start 
and the fifo level reset to zero. 

if <llu_go_pulse 1) then 
filllevel = 0 

elsif (dine^rd «5e 1) AND (dwu_llu_line_vnr == 1)) then 

// do nothing 
elsif (line_rd == l) then 

filllevel -- 
elsif (dwu_llu_line_wr == 1) then 

filllevel 

// determine the threshold, and set the LLU going 
if (llu_go_pulse 1) then 
llu_en = 0 

elsif {filllevel « fifo_jreadL.threBhold ) then 
llu_en = 1 



reaGLadr(3:2] ♦4- 
rea<|_adr{l:Oj s 0; 



// end of line round up 



} 



31.5.5 



Fifo fill level 
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31.5.6 DIU interface 
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Figure 231. DIU interface 
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315.6. f DfU interface description 

The DIU interface block is responsible for detennining when dot data needs to be read from DRAM, keep- 
ing the dot generators supplied with data and calculating the DRAM read address based on configured 
parameters^ FIFO fill levels and position in a line. 

The fill level block enables DIU requests by activating Ilu_en signal. The DIU interface controller then 
issues requests to the DIU for the LLU buffers to be fUled with dot line data (or fill the LLU buffers with 
null data without requesting DRAM access, if required). 

At page start the DIU interface determines which buffers should be filled with nuU data and which should 
request DRAM access. New requests are issued until the dot line is completely read from DRAM. 
For each request to the DRAM the address generator calculates where in the DRAM the dot data should be 
read from. The color^enabie bus determines which colors are enabled, the interface never issues DRAM 
requests for disabled colors. 
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31.5.6.2 Interface controller 
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All outputs are zero unless otherwise stated 

State Description: 

Idle : Idle state wait for active request 

CoiorSelect Select the color to update before 
requesting to DIU 

Request Request Issued wait for adcnowledge 

OataO: Data word 0 transfer 

Datal : Data word 1 transfer 

Data2: Data word 2 transfer 

Datad: Data word 3 transfer 
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Figure 232. Interface controller state diagram 

The interface controller co-ordinates and issues requests for data transfers from DRAM. The state machine 
waits in Idle state until it is enabled by the LLU controller {Uu_en) and a request for data transfer is 
received from the write pointer block. 

When an active request is received (req^active equals 1) the state machine jumps to the CoiorSelect state 
to determine which colors {color^cnt) in the group need a data transfer. A group is defined as all odd col- 
ors or all even colors. If the color isn't enabled (color^enable) the count just increments, and no data is 
transferred. If the color is enabled, the state machine takes one of two options, either a null data transfer or 
an actual data transfer from DRAM. A null data transfer writes zero data to the DIU buffer and does not 
issue a request to DRAM. 

The state machine determines if a null transfer is required by checking the color ^start signal for that color. 

If a null transfer is required the state machine doesn't need to issue a request to the DIU and so jumps 
directly to the data transfer states {DataO to DataS). The machine clocks through the 4 states each time 
writing a null 64-bit data word to the buffer. Once complete the state machine returns to the CoiorSelect 
state to determine if further transfers are required. 

If the color _start is active then a data transfer is required. The state machine jumps to the Request state 
and issue a request to the DIU controller for DRAM access by setting Uu_diu_rreq high, The DIU 
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responds by acknowledging the request (^/iW/w.racA: equals 1) and then sending 4 64-bit words of data. 
The transition from Request to DataO state signals the address generator to update the address pointer 
(adr_update). The state machine clocks through DataO to DataS states each time writing the 64-bit data 
into the buffer selected by the req^sel bus. Once complete the state machine returns to the ColorSelect 
state to determine if further transfers are required. 

When in the ColorSelect state and all data transfers for colors in that group have been serviced (i.e. when 
color_cnt is 6) the state machine wiU return to the Idle state. On transition it will update the word counter 
logic {word_dec) and enabled the request logic {regjupdate), 

A reset or llu^o_pube set to 1 will cause the state machine to jump directly to Idle. The controller will 
remam in Idle state until it is enabled by the LLU controller via the llujen signal. This prevents the DIU 
attempting the 611 the DIU buffers before the dot Une store FIFO has filled over its threshold level. 

31.5.6.3 Color activate 

The color activate logic maintains an absolute line count indicating the line number cuircntly being pio- 
ccsscd by the LLU. The counter is reset when the llu^ojmlse is I and incremented each time a line^rd 
pulse is received. The count value (line^cnt) is used to detemune when to start reading data for a color. 
The count is implemented as follows: 
if ( llu_go_pulse == 1) then 

line_cnt = 0 
elsif ( line_rd == 1) then 

line__cnt 

The color activate logic compares line count with the relative line value to detennine when the LLU 
should start reading data from DRAM for a particular half color. It signals the interface controUcr block 
which colors are active for this dot line in a page (via iht color jtart bus). It is used by the interfecc con- 
troller to determine which DIU buffers require null data. 

Once the color ^tart bit for a color is set it cannot be cleared in the normal page processing process. The 
bits must be reset by the CPU at the end of a page by transitioning the Co bit and causing a pulse on the 
llu^o^ulse signal. 

Any color not enabled by the color^enable bus will never have its color^start bit set. 
for (i=0; l<I2;i4.4.)( 

if < llu_oo_pulae 1) then 

col^on[ij a 0 
elBif ( color.enableCi % 6] =:=r i ) then 

col.on(i) e 0 
elsif ( line_cnt «« color_rel_line[iJ ) then 
col_onCil = 1 

} 

// select either odd or even colors 

if ( od<3L.even_sel I ) then // odd selected 

color_st&rt(5:0] = {col^ontll} , col.onCSJ ,col_oa(7J ,col.on[5) ,col_on(3) ,col_on(l) } 

// even selected 

color_start(S:0] = (col_on(10J ,col_on{aj ,col_onI61 ,col_on(4J .col_on(2) ,col_on(0]} 



31.5.6.4 Address generator 

The address generator block maintains 12 pointers {color_adr[I I:OJ) to DRAM corresponding to current 
read address in the dot line store for each half color. When a DRAM transfer occurs the address pointer is 
used first and then updated for the next transfer for the color. The pointer used is selected by the reqjsel 
bus, and the pointer update is initiated by the adrjapdate signal from the interface controller. 
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The pointer update and pointer initialization is dependent on the pointer position in a line and the line posi- 
tion in the FIFO. 

When a llu_go_pulse is received the pointers are each initialized to the corresponding base address for that 
color (colorJjase_adr), For each word that is read from DRAM the pointer is mcrcmcnted. If the word is 
the last word in a line (iast^wd equals 1) and the last line in the fifo (fifo_end equals 1) then the address 
pointer is re-initialized to the base address value. The pointer is incremented for all other words. 

The address is calculated as follows: 
// reset to base address 
if ( llu_go_pulse -= X) then 

color_adrlll:0] = color_base«adr[ll:01 [21:5] 
elBif < adr.update == 1) then 

if (req_sel «== NULL > then 
//do nothing 

elsif ((fifo.end «= l^AND (last.wd == 1)) then 

color_adr(reQ_sell = color.baae.adr (req_8el] [21:5] 

else 

color_adr[rea-BelJ // nomal increment 

// select the address pointer 
llu_diu_radr « color.adr [reo^sel] 



31.5.6.5 Line pointer 

The line pointer logic counts the number of dot data lines read from DRAM for each color. The counter 
value is used to signal the fifo wrap point to the address generator logic. A separate counter is maintained 
for each color. 

The end of a line can be determined when the address is updated (adrjupdate equal 1) and the word trans- 
ferred is the last word of a line (last^wd equal 1). The line pointer that needs to be updated is selected by 
the req_fiel bus from the write pointer block. If the selected pointer is zero the counter is reset to the corre- 
sponding colorjifo^ize value, otherwise the counter is decremented. 

If the Hu^o_pulse signal is high the counters are reset to its corresponding color J^o_size value. When 
the counter is zero it sets ^zfifo_end bit to signal the address generator that the fifo has wrapped (to 
update the address pointer accordingly). 

if (llu_go_jpulse == 1) then 

line_pt(ll:0) = color_f if o_size ( 11 :0 J 
elsif ((adr_update == 1) AND (last.wd 1)) then { 

if (line_pt (re<L-Sel) == 0) 

line_ptCre<i.sell » color_f ifo_sizetreq_sel) 

else 

line_pt(req_8ell — 

> 

// select the correct line pointer for comparison 
fifo_end = ( 1 ine„pt ( 1 ine^pt 1 ==0) 

315.5.6 Write pointer 

The write pointer logic maintains the buffer write address pointers, determines when the DIU buffers need 
a data transfer and signals when the DIU buffers are empty. The write pointer deteimines the address in the 
DIU buffer that the data should be transferred to. 

The write pointer logic compares the read and write pointers of each DIU buffer to determine which buff- 
ers require data to be transferred from DRAM (pend[ll:0] bus), and which buffers are empty (the 
buf^emp signals). Only enabled buffers are considered as indicated by the coior_enabie bus. 
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Buffers are grouped into odd and even buffers, if an odd buffer requires DRAM access the oddnend sig- 
nals will be active, if an even buffer requires DRAM access the even^end signals will be active If botii 
odd and even buffer require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic will indicate to the interface controller via the req^active 
signal, witii the odd^evenjsel signal determining which group of buffers get serviced The interface con- 
tro^ler will check the color_enable signal and issue DRAM transfers for all enabled colors in a group 
When the transfers are complete it tells the write pointer logic to update the request pending via 
reqjupdate sig^2l, ire 

TTie reqjsel[3:0] signal tells the address generator which buffer is being serviced, it is constructed from 
toe odd_fivenjsel signal and the color_cntp:OJ bus from the interface controller. When data is being trans- 
fened to DRAM the word pointer and write pointer for tfie corresponding buffer are updated. The r^gsel 
detennines which pointer should be incremented. 

The write pointer logic operates the same way regardless of whether the transfer is null or not. 

// determine which buffers need updates 
for( i=0? i<12; { 

// determine if request is active, filtered by color enable 
if ( wr_adr{ij t3:2| «= rd_«dr li) [3 :2} ) 

pend[i) » 1 
else 

pend[i] = 0 
// determine if any enabled buffer is empty 

if ((wr^adrli] C3:01 == rd^adr ti] [3 :01 ) AMD <color_enableti / 21 =- 1)) then 
buf_eiiip[i) = 1 

> 

// Odd half colors (1,3,5,7,9.11), even half colors (0,2.4,6,8,10) 
odd_pend = ( pend[lj | pend(33 | pendCS) | pend(7] | pend(9J | pend{lll ) 
eveixjend = ( pendlO) | pend(23 | pend(4) 1 pend(6) | pend(8J | pend[10) ) 
// fixed servicing order, only update when controller dictates so 
if (reQ_update »«= 1) then { 

if <even^end == 1) then // even always first 

odd_even_sel = 0 

req_active = 1 
elsif (odd_pend == 1 ) then // then check odd 

odd^even_8el 0 

re<z„active = 1 

// nothing active 

odd.even^sel s= 0 
req^active = 0 

} 

// selected requestor 

re<3L.seir3:03 = (color.cnt 12 : 01 ,odd_even_sel> // concatentation 

The write address pointer logic consists of 12 2.bit counters and a word select pointer. The counters are 
reset when llu^o^mlse is one. The word pointer (word_j}tr) is common to all buffers and is used to write 
64-bit words into the DIU buffer. It is incremented when bu/_rd_en is active. If the word^tr is 3 and the 
buf^rd^en is active the selected write pointer {wr^trfreq^elj) will be incremented, A concatenation of 
the write pointer and the word pointer are use to construct the buffer write address. The write pointers are 
not reset at the end of each line. 

// determine which pointer to update 
if (buf_wr_en i) then ( 

wr_adr {re<i_sel J 

wr_entreq_sel) = 1 

) 
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// determine which pointer to update 
if (llu_goj?ulse == 1) then 

wr_ptrUl:0) e 0 

wordjptr = 0 
elsif (bufjrd^en == 1) then { 

wordj>tr+* 

if (wordjptr =»« 3 } then 
wr tr ( re<3L-ael I ♦ ♦ 

) 

// create the address from the write pointer and word pointer 
wr_adrCreq_sell = <wrj)trrreQ.sel J ,wordj>tr) // concatenation 



31,5.6.7 Word count 



The word count logic maintains 2 counters to track the number of words transferred from DRAM per line 
one counter for odd data, and one counter for even. On receipt of a Uu^o^pulse, the counters are initial^ 
ized to the colorjinejnc value (number of words per line). When a group of words are transfened to 
DRAM as mdicated by the word^dec signal from the interface controller, the coiresponding counter is 
decremented The counter to decrement is indicated by the odd^even^sel signal from the write pointer 
block (even = 0, odd = 1 ). 

When a counter is zeh) the last^y^d signal for that group (i.e. odd or even) is set. The last_wd signal indi- 
cates to the address generator that the next word transferred from DRAM for the corresponding color is the 
last word m the hne. When the last word actuaUy gets transfenred the interface controller will pulse the 
word_dec signal causmg the corresponding word count to reset to the colorjinejnc value. 

// determine which counter to decrement 
if (llu^oj;>ulse =» \) then 

word_cntC01 = color_line_inc // odd count 

vo'^<^-Cnttll = color_line_inc // even count 
elsif (wox<.dec 1) then ( // need to decrement one word counter 

if <word_cntCodd^even-sel] == 0) then // line finish 

%irord-Cnt[odd^even.sel] = color_line_inc 

else 

word^cnt [odd_even_ael ] — 

> 

// select the correct the last_wd 
last_%tfd = (word.cnttodcLeven_8el] «= 0) 

The word count logic also determines when a complete line has been read from DRAM, it then signals the 

fifo fill level logic in both the LLU and DWU (via line_rd signal) that a complete line has been read by the 

LLU (llu_dwuj(ne_rd). 

// line finish logic 

if (llu_go_pulse 1) then 

line_fin s 0 

line_rd = 0 

elsif (<last_wd 1) AND (line^fin =» 0) AND (word_dec =« 1 ) ) then 
line^fin =1 // first group last.wd finish pulse 

1 ine_rd = 0 

elsif <(lost_wd «« 1) AND (line.fin 1) AND (wor<3Ldec == 1 ) ) then 
line^fin =0 // second group last_wd finish pulse 

Xine_rd = l 

else 

line_fin = line_fin // atay the same 

line_rd = 0 
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32 PrintHead Interface (PHI) 



32.1 Overview' 



The Prifithead interface (PHI) accepts dot data from the LLU and transmits the dot data to the printhead, 
using the printhead interface mechanism. The PHI generates the control and timing signals necessary to 
load and drive the bi-lithic printhead. The CPU determines the line update rate to the printhead and adjusts 
the line sync frequency to produce the maximum print speed to account for the printhead IC's size ratio 
and inherent latencies in the syncing system across multiple SoPECs. 

The PHI also needs to consider the order in which dot data is loaded in the printhead. This is dependent on 
the constmction of the printhead and the relative sizes of printhead ICs used to create the printhead. See 
Bi-lithic Printhead Reference document for a complete description of printhead types [10]. 
The printing process is a real-time process. Once the printing process has started, the next Printline's data 
must be transferred to the printhead before the next line sync pulse is received by the printhead Otherwise 
the printing process will terminate with a buffer undenrun error. 

The PHI can be configured to drive a single printhead IC vnth or without synchronizarion to other 
SoPECs. For example the PHI could drive 'a single IC printhead (i.e. a printhead constucted with one IC 
only), or dual IC printhead with one SoPEC device driving each printhead IC 

The PHI interface provides a mechanism for the CPU to directly control the PHI interface pins, allowing 
the CPU to access the bi-lithic printhead to: 

• determine printhead temperature 

• test for and determine dead nozzles for each printhead IC 

• initialize each printhead IC 

• pre-heat each printhead IC 

Figure 233 shows a high level data flow diagram of the PHI in context. 




BMIfNc Printhead 
Figure 233. High ievel data flow diagram of PHI in context 
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32.2 Printhead modes of operation 

The printhead has 4 different modes of operations (although some modes are re-used). The mode of oper- 
anon is defined by the state of the output pins phLlsyncl andphUeadl. As both printhead ICs are driven 
by the same sipials both printhead ICs must be in the same mode of operation. The modes of operation are 
defined m Table 158. 

Table 158. Printhead modes of operation 



OCJr^LOAO/ 
FIREJNIT 



TEST_MODE 



FIREJGEN 



N/A 



phLsrcfk=^ 



phi_frctksQ 



phi_srcfkz=0 



N/A 



Normal print mode, dot data is clocked Into the print- 
head shift register, on each fading edge of phi^srdk 



Dot Load Mode, data stored in the dot shift register is 
transferred into the dot latch on the ^ling edge of 
phljsyna, and latched in on the rising edge of 
phUsyncI 



Rre load mode. Parameter tor generating fire pattern 
are loaded into generator, data on phi_jjh_datal1:OJ[0] 
is dodged into the generator on each rising edge of 
phLfrdk 



Dot Load Mode, data stored in the dot shift register is 
transferred into the dot register on the rising edge of 
phijsynct, identical to DOT.LOAD 



The printhead is in test mode, the temperature delta 
Sigma is ctodced out of the printhead on the rising of 
frdk through phl_ph^data[1:0M1} 
The result of the nozzle test is clocked out of the print- 
head through pN^h_<Sata(1:0][0] 



The nozzle test circuit is reset 

CMOS testing mode, the dot shift register is scanned 

out of the printhead on the falling edge olphLsfdk. 

Data is output on phi__ph^(iatB[1:0][1:0J 

The initialised generator creates the fire pattern and 

shift select pattern, and the pattern is ck>cked into the 

fire shift register and select shift register on the rising 

edge of phLMk 



32.3 Data rate equauzation 



The LLU can generate dot data at the rate of 12 bits per cycle, where a cycle is at the system clock fre- 
quency In order to achieve the target print rate of 30 sheets per minute, the printhead needs to print a line 
every lOO^s (calculated from 300mm @ 65.2 dots/mm divided by 2 seconds 100|isec) For a 7 3 con- 
stnict^ pnnthead this means that 9744 cycles at 106Mhz is quick enough to transfer the dot data. The 
input FIFOs are used to de-couple the read and write clock domains as well as provide for differences 
between consume and fill rates of the PHI and LLU. 

Noounally the system clock (pclk) is nm at 160Mh2 and the prindiead interface clock (phiclk) is at 
lOoMhz. 

If the PHI was to transfer data at the fiiil printhead interface rate, the transfer of data to the shorter prints 
head IC would be completed sooner than the longer printhead IC. While in itself this isn't an issue it 
requires that the LLU be able to supply data at the maximum rate for short duration, this requires uneven 
bursty access to DRAM which is undesirable. To smooth the LLU DRAM access requirements over time 
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the PHI transfers dot data to the printhead at a pre-programmed rate, proportional to the ratio of the shorter 
to longer printhead ICs. 



wnhout Rata equalization (7:3 head) 

h 



100 usee 



phi Jsynd y 
phl_ph_datatOH1 :0] [ 

pW_ph_dala(1 )(1 iO] \ > 

phLsrdkCO] 

phL8rclk[1] 



1 



with Rate equalization (7:3 head) 
phLteynd |J 

phi jih_dataIP][l :0] 1 ' ' 

phlj>h_dataI1II1 :0] |- 
phLsrclnq 



n 



_□ 



n 



Figure 235. Printhead data rate equalization 

The printhead data rate equalization is controUed by PrintHeadRate[l:0] registers (one per printhead IC). 
The register is a 16 bit bitmap of active clock cycles in a 16 clock cycle window. For example if the regis- 
ter IS set to OxFFFF then the oiitput rate to the printhead will be full rate, if iVs set to OxFOFO then the out- 
put rate is 50% where there is 4 active cycles followed by 4 inactive cycles and so on. If the register was 
set to 0x0000 the rate would be 0%. The relative data transfer rate of the printhead can be varied from 0- 
100% with a granularity of 1/16 steps. 



Table 1 59. Example rate equalization values for common printheads 









8:2 


OxFFFF (100%) 


Oxim (25%) 


7:3 


OxFFFF (100%) 


0x5551 (43.7%) 


6:4 


OxFFFF (100%) 


0xFlF2(68.7%) 


5:5 


OxFFFF (100%) 


OxFFFF (100%) 



both printhead ICs, to reduce the read bandwidtfi from the DRAM. 
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32.4 Dot generate and transmit order 

Several printhead types and arrangements exists (see Section 35 Memjet Printiiead) . The PHI is capable of 
driving all possible configurations, but for the purposes of simplicity only one airangement (arrangement 0 
- see Section 35 Memjet Printhead) is described in the following examples. 



Dot Transmit 
Order ~ 



Q i O O 



■ O O O Q Q O O 

10-4 m«i \\ T 

O O Q 6 O Q o o 



O O O Q' 



t 3 5 



■ o o o o 



m-5 n>-3 n»-l 



Type 0 printhead IC 



nrt-l nr*^3 m*6 



»4 n>2 



•O O O p 



n-S ft.) n-l 



Type 1 printhead IC 
Paper 



5 Lines 



M • Midway point In dots 
N - Number of dots In a line 



Note: Paper passing undor prfnthsad 
Figure 236. Printhead structure and dot generate order 



The structure of the printhead ICs dictate the dot transmit order to each printhead IC. The PHI accepts two 
streams of dot data from the LLU, one even stream the other odd The PHI constructs the dot transmit 
order streams from the dot generate order received from the LLU. Each stream of data has already been 
arranged in increasing or decreasing dot order sense by the DWU. The exact sense choice is dependent on 
the type of printhead ICs used to construct the printhead, but regardless of configuration the odd and even 
stream should be of opposing sense. 

The dot transmit order is shown in Figure 236. Dot data is shifted into the printhead in the direction of the 
arrow, so from the diagram (taking the type 0 printhead IC) even dot data is transferred in increasing order 

to the mid point first (0, 2, 4 m-6, m-4, m-2), then odd dot data in decreasing order is transferred (m-l, 

m-3, m-5,...., 5, 3, 1). For the type 1 printhead IC the order is reversed,' with odd dots in increasing order 
transmitted first, followed by even dot data in decreasing order. Note for any given color the odd and even 
dot data transferred to the printhead ICs are from different dot lines, in the example in the diagram they are 
separated by 5 dot lines. Table 160 shows the transmit dot order for some common A4 printheads. Differ- 
ent type printheads may have the sense reversed and may have an odd before even transmit order or vice 
versa. 



Table 160. Example printhead ICs, and dot data transmit order for A4 (13824 dots) page 







mirnmmMimmm 


TypeO 


Printhead IC 


8 


11160 


0^.4.8 ^74,5576.5578 


5579,5577,5575 7,5,3,1 


7 


9744 


0^.4.6 .4868,4868.4670 


4871 .4869,4867 7,5,3.1 


6 


8328 


0,2,4,8 4 1 58.41 60.41 62 


4163.4161.4159 7,5.3.1 


5 


6912 


0,2,4.8 3450.3452,3454 


3455,3453.3451 7.5.3.1 


4 


54S6 


0,2.4.8 ,2742.2744.2746 


2847,2845,2843 7.5.3.1 


3 


4080 


0.2.4,8 .2034.2036.2038 


2039.2037.2035 7.5,3.1 
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Table 1 60. Example printhead iCs, and dot data transmit oider for A4 (13824 dots) page 



lypel 


Printhead 


IC 


8 


11160 


13823,13821.13819 .1337.1335.1333 


1332.1334.1336 13818.13820.13822 


7 


9744 


13823,13821.13819 ,2045,^)43,2041 


2040.2042.2044 13818,13820,13822 


6 


6328 


13823.13821.13819 2853.2851,2849 


2848,2850.2852 13818,13820,13822 


5 


6912 


13823,13821,13819 3461.3459.3457 


3456.3458.3460 13818.13820.13822 


4 


5496 


13823,13821,13819 4169.4167.4165 


4164.4166,4168. 13818.13820.13822 


3 


4080 


13823.13821,13819 4877.4876,4873 


4872.4874.4876 1 381 8. 1 3820, 1 3822 


2 


2664 


13823.13821.13819 ......5685,5583.5581 


5560.5582.5584 1 381 8,1 3820. 1 3822 



32.4.1 Dual Printhead IC 

Generate dot order (from the LLU) 



Odd Dot stream 



6812 dock cydes 

Mid 
Point 



Transmit dot order(to the printhead) 

Printhead Channel A ^^m^im^^^wmmsm^^mm^^mmmM^m^M 



Printhead 



Channel B \^i^mf^.^^l3^^.n*M 



4«72ciocK cydes 



— 



IKWdodccy^Sgs-" 



Even dote from Line Y 
Odd dots from Une ¥-5 



9744 dock cydes 



Example: Une wfth 1 3824 dots. wHh 7:3 printhead 
Figure 237. Dot data generated and transmitted order 



The LLU contains 2 dot generator xinits. Each dot generator reads dot data from DRAM and generates a 
stream of dots in increasing or decreasing order. A dot generator can be conRgxtred to produce odd or even 
dot data streams, and the dot sense is also coniiguTable. In Figure 237 the odd dot generator is configured 
to produce odd dot data in decreasing order and the even dot generator produces dot data in increasing 
order. 

In Older to reconstruct the dot data streams from the generate order to the transmit order, the connection 
between the generators and transmitters needs to be switched at the mid point. At line start the odd dot 
generator feeds the type 1 printhead, and the even dot generator feeds the type 0 printhead. This continues 
until both printheads have received half the number of dots they require (defined as the mid point). The 
mid point is calculated from the configured printhead size registers {PrintHeadSize). Once both printheads 
have reached the mid point, the PHI switches the connections between the dot generators and the print- 
head» so now the odd dot generator feeds the type 0 printhead and the even dot generator feeds the type 1 
printhead. This continues until the end of the line. 
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It is possible that both printheads will not be the same size and as a result one dot generator may reach the 
mid point Ijefore the other. In such cases the quicker dot generator is stalled until both dot generators reach 
the mid point, the connections are switched and both dot generators are restarted 

Note that in the example shown in Figure 237 the dot generators could generate an A4 line of data in 6912 
cycles, but because of the mismatch in the printhead IC sizes the transmit time takes 9744 cycles. 

I 32.4.2 Single printhead IC 

In some cases only one printhead IC may be connected to the PHI. In Figure 238 the dot generate and 
I transmit order is shown for a single IC printhead of 9744 dots width. While the example shows the print- 

head IC connected to channel A, cither channel could be used. The LLU generates odd and even dot 
streams as nonnal, it has no knowledge of the physical printhead configuration. The PHI is configured 
I with the printhead size {PrintHecuiSizefl] register) for channel B set to zero and channel A is set to 9744. 

Generate dot order (from the LLU) 



Odd E>ot stream ISsSfJr 



n 



Even Dot stream 



4872 dodc cydes 



Transmit dot order(to the printhead) ^^it 



— , ^ 

Printhead Channel A Kyii^^jl^g^^^^^-Sf^^jg^^ 
Pfinthead Channel B 

^ W2 Clock cycles X 48^2 c l ock cydes ' ► 



9744 dock cycles 



Even dots from Une Y 

Odd dots from Une Y-5 Example: Une with 9744 dots, with 7:0 printhead 

Figure 238. Dot data generated and transmitted order (single printhead case) 

Note that in the example shown in Figure 238 the dot generators could generate an 7 inch line of data in 
4872 cycles, but because the printhead is using one IC, the transmit time takes 9744 cycles, the same speed 
as an A4 line with a 7:3 printhead. 



32.4.3 Summary of generate and transmit order requirements 

In order to support all the possible printhead arrangements, the PHI (in conjuction with the LLU/DWU) 
must be capable of re-ordering the bits according to the following criteria: 

• Be able to output the even or odd plane first. 

• Be able to output even and odd planes independently. 

• Be able to reverse the sequence in which the color planes of a single dot are outpm to the printhead. 
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32.5 Print sequence 

The PHI is responsible for accepting dot data streams from the LLU, restructuring the dot data sequence 
and transferring the dot data to each printhead within a line time (i.e before the next line sync). 

Before a page can be printed the printhead ICs must be initialized. The exact initialization sequence is con- 
figuration dependent, but will involve the fire pattern generation initialization and other optional steps. The 
initialization sequence is in^lemented in software. 

Once the first line of data has been transferred to the printhead, the PHI will intemipt the CPU by asserting 
thcphijcu^rint^rdy signal. The interrupt can be optionally masked in the ICU and the CPU can poll the 
signal via the PCU or the ICU. The CPU must wait for a print ready signal in all printing SoPECs before 
starting printing. 

Once the CPU in the PrintMaster SoPEC is satisfied that printing should start, it triggers the LineSync- 
Master SoPEC by writing to the PrintStart register of all printing SoPECs, The transition of the PrintStart 
register in the LineSyncMaster SoPEC will trigger the start of Isyncl pulse generation. The PrintMaster 
and LineSyncMaster SoPEC are not necessarily the same device, but often are the same. For a more in 
depth definition see section 12.3 Multi-SoPEC systems on page 104. 

Writing to the PrintStart register generates a pulse which is used to generate the line sync in the LineSyn- 
cMaster which is in turn used to align all SoPECs in a multi-SoPEC system. All prindiead signaling is 
aligned to the line sync. The PrintStart is only used to align the first line sync in a page. 

When a SoPEC receives a line sync pulse it means that the line previously transferred to the printhead is 
now printing, so the PHI can begin to transfer the next line of data to the printhead. When the transfer is 
complete the PHI will wait for the next line sync pulse before repeating the cycle. If a line sync arrives 
before a complete line is transfeired to the printhead (i.e. a buffer error) the PHI generates a buffer under- 
run interrupt, and halts the block. 

For each line in a page the PHI must transfer a full line of data to the printhead before the next line sync is 
generated or received. 

32.5.1 Sync pulse control 

If the PHI is configured as the LineSyncMaster SoPEC it will start generating line sync signals LsyncPre 
number of phiclk cycles after PrintStart register rising transition is detected. All other signals in tfie PHI 
interface are referenced from the falling edge of phi Jsyncl signal. 

If the SoPEC is in line sync slave mode it will receive a line sync pulse from the LineSyncMaster SoPEC 
through ihephijsynel pin which will be programmed into input mode. The pkijsyncl input pin is treated 
as an asynchronous input and is passed through a de-glitch circuit of prognunmable de-glitch duration 
iLsyncDeglitchCnt), 

Th& phi Jsyncl will remain low for LsyncLow cycles, and then high for LsyncHigh cycles. The phijsyncl 
profile is repeated until the page is complete. The period of the phijsyncl is given by LsyncLow + Lsyn- 
cHigh cycles. Note that the LsyncPre value is only used to vary the time between the generation of the first 
phijsyncl and the PageStart indication firom the CPU. See Figure 239 for reference diagram. 

If the SoPEC device is in line sync slave mode, the LsyncMinPeriod register specifies the minimum 
allowed phijsyncl period. Any phijsyncl pulses received before the LsyncMinPeriod has expired will 
trigger a buffer undermn error. 

32.5.2 Shift register signal control 

Once the PHI receives the line sync pulse, the sequence of data transfer to the printhead begins. All PHI 
control signals are specified from the falling edge of the line sync. 
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The phi_^rclk (and consequently phi^hjiata) is controlled by the SrvikPre, SrclkPost registers. The 
SrclkPre specifies the number of phiclk cycles to wait before beginning to transfer data to the printhead. 
Once data transfer has started, the profile of the phi^srclk is controlled by PrintHeadRate register and the 
stanis of the PHI input FIFO. For example it is possible that the input FIFO could empty and no data 
would be transferred to the printhead while the PHI was waiting. After all the data for a printhead is trans- 
feired to the PHI, it counts SrclkPost number of phiclk cycles. If a new phijsyncl falling edge arrives 
before the count is complete the PHI will generate a buffer undemm interrupt (phijcujunderrun). 



32.5.3 Firing sequence signal control 



PrintStartEOQa 



The profile of the phijrclk pulses per line is determined by 4 registers FrclkPre, FrclkLow, FrclkHigh, 
FrclkNum, The FrclkPre register specifies the number of cycles between line sync felling edge and tiie 
phijrclk pulse high. It remains high for FrclkHigh cycles and then low for Fh:lkLow cycles. The number 
of pulses generated per line is detennined by FrclkNum register. 

Ths phijrofile pin is specified in a similar manner by the ProfilePre, ProfileLow^ ProfileHigh, PrvfileNum 
registers. 

The phijrclk period and thcphi^rofiie period should be programmed the same, so FrclkHigh + FrclkLow 
should equal the ProfileHigh + ProfileLow, and the number of cycles for each in a line time should also be 
equal i.e. FrclkNum = PrvfileNum. 

The total number of cycles required to complete a firing sequence should be less than the phijsyncl period 
i.e. {{ProfileHigh + ProfileLow) * PrvfileNum)-^ ProfilePre < {LsyncLow + LsyncHigh). 
^ LsyncPre 

'! 



LsyncPOfiod 



LsyncHigh 



phi_lsyncl 



J 



.SfdkPre 



1_ 



phLsfcOt 



phLpt\.data 



phLprofile^ 



^ SfdkPost ^ 



FfVtkPrB 



RdkHigh FrdkLow 



J — L 
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ProfDeHlch 



ProfileLow 

r< 



f 1 I i \ 1 



Figure 239. Printhead interface timing parameters 



Figure 239 details the timing parameters controlling the PHL All timing parameters are measured in num- 
ber of phiclk cycles. 



32.5.4 Page complete 

The PHI counts the number of lines processed through the interface. The line count is initialised to the 
PageLenLine and decrements each time a line is processed. When the line count is zero it pulses the 
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phijcu^agejmish signal. A pulse on the phi Jcu^agejinish automatically resets the PHI Go register, 
and can optionally cause an interrupt to the CPU. Should the page terminate abnonnaliy, i.e. a buffer 
underrun, the Go register will be reset and an interrupt generated. 



The PHI will generate an interrupt to the CPU after a predefined number of line syncs have occured. The 
number of line syncs to count is configured by the LineSyncInterrupt registen.The intenupt can be dis- 
abled by setting the register to zero. 



The PHI block allows the generation of margins either side of the received page from the LLU block. This 
allows the page width used within PEP blocks to differ from the physical printhead size. 

This allows SoPEC to store data for a page minus the margiiis, resulting in less storage requirements in the 
shared DRAM and reduced memory bandwidth requirements. The difference between the dot data line 
size and the line length generated by the PHI is the dot line margin length. There are two margins specified 
' for any sheet, a margin per printiiead IC side. 

The margin value is set by programming the DotMargin register per printhead IC. It should be noted that 
the DotMargin register represents half the width of the actual margin (either left or right margin depending 
on paper flow direction). For example, if the margin in dots is 1 inch (1600 dots), then DotMargin should 
be set to 800. The reason for this is that the PHI only supports margin creation cases 1 and 3 described 
below. 



32.5.5 Line sync interrupt 



32.6 



Dot line kviargin 
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See example in Figure 240. 



Print area(4772 dots) 




Oinection 



Isynd LT 
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LLUdata- 
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pftLsreOc' 

Cas02 

tXUdata- 
phLpludata. 

Casa3 

LUItfata- 
phLsfcflc" 



9544 dots 



Figure 240. Pdnthead timing with mai^ining 



In the example the margin for the type 0 printhead IC is set at 100 dots {DotAfar^in— 100), implying an 
actual maigin of 200 dots. 

If case one is used the PHI takes a total of 9744/;ACj«:/* cycles to load the dot data into the type 0 print- 
head. It also requires 9744 dots of data from the LLU which in tum gets read from the DRAM. In this case 
the first 100 and last 100 dots would be zero but are processed though the SoPEC system consimiing mem- 
ory and DRAM bandwidth at each step. 

In case 2 the LLU no longer generates the margin dots, the PHI generates the zeroed out dots for the mar- 
gining. The phi^srclk still needs to toggle 9744 times per line, although the LLU only needs to generate 
9544 dots giving the reduction in DRAM storage and associated bandwidth. The case 2 senario is not sup- 
ported by the PHI because the same effect can be supported by means of case 1 and case 3. 

If case 3 is used the benefits of case 2 are achieved, but the phi_srclk no longer needs to toggle the full 
9744 clock cycles. The phi_jrclk cycles count can be reduced by the margin amoimt (in this case 9744- 
100=9644 dots), and due to the reduction in phi_srclk cycles the phijsyncl period could also be reduced, 
increasing the line processing rate and consequendy increasing print speed. Case 3 works by shifting the 
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odd (or even) dots of a margin from line Y to become the even (or odd) dots of the margin Y-4, (Y-5 
adjusted due to being printed one line later). This works for all lines with the exception of the first line 
where there has been no previous line to generate the zeroed out margin. This situation is handled by add- 
ing the line reset sequence to the printhead initialization proceduie, and is repeated between pages of a 
document See section 32.8.3 on page 512. 

32.7 Dot counter 

For each color the PHI keeps a dot usage count for each of the color planes (called AccumDotCount). If a 
dot is used in particular color plane the corresponding counter is incremented- Each counter is 32 bits wide 
and saturates if not reset, A write to the DotCountSnap register causes the AccumI>otCount[NJ values to 
be transferred to the DotCountfN] registers (where N is 5 to 0. one per color). The AccumDotCount regis- 
ters are cleared on value transfer. 

The DotOmnt[N] registers can be written to or read from by the CPU at any time. On xeset the counters 
are reset to zero. 

The dot counter only count dots that are passed from the LLU through ther PHI to the printhead. Any dots 
generated by direct CPU control of the PHI pins will not be coimted. 

32.8 CPU lO CONTROL 

The PHI interface provides a mechanism for the CPU to directly control tiic PHI interface pins, allowing 
the CPU to access die bi-lithic printhead: 

• Determine printhead temperature 

• Test for and determine dead nozzles for each printhead IC 

• Printhead IC initialization 

• Printhead pre-heat function 

The CPU can gain direct control of the printhead interface connections by setting the PrintHeadCpuCtrl 
register to one. Once enabled the printhead bits are driven directly by the PrintHeadCpuOut control regis- 
ter, where the values in the register are reflected directly on the printhead pins and the status of the print- 
head input pins can be read directly fix)m the PrintHeadCpuIn. The direction of pins is controlled by 
programming PriniHeadCpuDir register. The register to pin mapping is as follows: 



Table 161> CPU control and status registers mapping to printhead Interface 







PrintHeadCpuOut 


IK) 


phi^.<lata_o[0][1K)] 


3:2 


phr_j)h_data_of 1 HI :01 


4 


phLteyncl_o 


5 


phLreadI 


7:6 


phLsrclk[1:0] 


8 


phLfrcfk 




9 


phi_profile 
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Table 161. CPU control and status regfsters mapping to prlnthead interface 



1 



PrintHeadCpuOir 



PrintHeadCputn 



3;2 



phij)h_data_etO]I1:OJ direction control. 
1 - output mode 
0 - input mode 



phi_ph_data_e(1Il1 K)) direction control 
1 • output mode 
0 " input nx>de 



phLlsynd.e direction oontfol 
1 • output mode 
0 • input mode 



1:0 



3:2 



PW-Ph_dat^i[0][1 :0) 



phi j)h jdata J[l Hi :0J 



phi_»syncij 



It is important to note that once in PrintHeadCpuCtrl mode it is the responsibility of the CPU to drive the 
pnnthead coirectly and not create situations where the printhead could be destroyed such as activatinH all 
nozzles together. 

Note the foUowing procedures are based on current printhead capabilities, and are subject to change. 
32.8.1 Dead nozzle information capture 

•Hie CPU (via the direct printhead control mechanism) has the capability of testing each of the nozzles in 
the pnnthead and detenmmng which nozzles arc dead, the resultant dead nozzle infonnation is processed 
by the CPU to generate the dead nozzle table used by the DNC. 

32.8,1.1 Nozzle test procedure 

The nozzle test software must first initialize the fire pattern generator for each printhead IC as normal, then 
It must mitialize the fire pattern register as normal. The fire pattern generator parameters must be chosen 
so as to create a fire pattern where only one nozzle is firing at a time. 

For exaniple if the printhead is constructed with a 7:3 configuration where the left printhead is 7 inches 
and the nght 3 inches. The fire pattem length is equal to the number of dou in a half line (NLEN=n- 
1, where n - 9744 / 2 = 4872), the COUNT=l and B=0. The fire generator in the printhead needs to be ini- 
nahzed w,tfa NLEN=4871, COUNT-1, B=0. See Section 32.8.4 for exact details on how to program the 
fire pattem generator. 

Once the generator is setup the nozzle test software puts the printhead into FIRE_GEN mode and the fire 
pattern is loaded into the fire shift registers. 

TTie next step is to load the dot data shift registers with a test pattem. Any test pattem could be used it 
should be chosen so as to allow only one color to fire at a time. Once the printhead shift registers are ini- 
tialized the software can begin the nozzle test sequence. 

The printhead is put in FIRE.GEN mode which resets the test circuit, both phi_srcik and phi Jrclk are held 
inactive. After a pre-determined time the printhead is put in TEST^MODE where the nozzle is tested. 
The test software toggles phi^nffile output pin and then samples the test result on the phi^h_ciata pin. 
The test software then generates one phi Jrclk pulse to advance the fire pattem and repeats the profile 
pulse and test result capture as before. This procedure is repeated for all dots in the half dot line. Once the 
test result for a particular dot line is complete the whole procedure is repeated 1 2 times once for each half 
dot line. 
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The dead nozzle software collates all the nozzles test results and produces the dead nozzle table for use bv 
the DNC. 



tUTT ^ ^ FIRE GgN 



NORMAL 



^ ^RE GEN ^ fEST MQD^ ^HE_GEN ^ j^ST_MOgE 



pW_lsynd_ 
pN.readl 



1 



phi_8iclk 
pNJre«c_ 
phtprefila 



JL_, 



Test pattern Data 



Nozzle test resUt 



test Repeated Nozzle times 



Figure 241. Nozzle Test Modes & Setup 



32.8.2 Temperature capture 



Occasionally the CPU wiU need to sample the printhead temperature and possibly adjust the firing pxxifile 
based on ths result. 

To capture the printhead temperature, the printhead must be put into TEST_MODE, and the 
phiji>h_dataj pin input mode. The CPU will toggle the phijrclk and then sample the phi^h^dataj to 
capture the temperature data. The cycle is repeated N times, and the N bits of data are used to generate the 
printhead temperature value. The temperature capture waveform is shown in Figure 242. 

The exact number of bits required (i,e. N) and the ten^erature value generation medianism is currently 
undefined. 



phijsynd ' 
phLreacfl ' 
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Figure 242. Temperature Capture Waveform 
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32.8.3 Printhead initiarization procedure 

In order to use the printhead for the first time the CPU must download parameters for controlling the fire 
pattern generator. The download is performed by entering the FIRJB_INIT mode and data is transferred 
ibio}x%h \htphi^h_data[l:0][O] pms (one pin per printhead IC) and clocked into the printhead on the ris- 
ing edge of phi Jrcik. In total 29 clock cycles are required to transfer the full set of parameters. 



Table 162. Parameters for Rre Pattern Initialization 









NL£N 


14 


Fire pattern lengfth. Values defines the length of the fire pat- 
tern, NLEN=N-1 where N is the pattern length. 


COUNT 


14 


Defines the remaining number of dock cycles required to 
generate the Rre Pattern. Is given by COUNT= (L^ /2) Mod 
N -1 where ts the dot length of longer printhead or 
COUNT= (L^ - 1^, -{(Lb ^) nwd N)) Mod N -1 for the shorter 
printhead 


B 


1 


Select shift register inversion bit. 



Once the generator is initialized the fire pattern and select pattern need to be created and shifted into their 
respective shift registers. The printheads are put into FIRE^GEN mode and the phijrdk is toggled 1^ 
times, where is the length of the longer printhead in dots. As phijrclk is a common signal for both 
printheads it means that if the prin^ead ICs are of different length one printhead IC will get clocked too 
many times by phijrclk. The fire pattern generator internal in each printhead IC takes account of tiiis. See 
Section 32.8.4 Fire pattern generator. 

If dot line m a r gi ning is to be used the dot data registers in the margining region in the printhead IC need to 
be initialized to zero before any line is printed. Sec section 32.6 on page 507 for a fiill explanation of dot 
line margin setup. The CPU does this by entering NORMAL^MODE and fills the dot data shift register 
with zeros. This is performed by clocking the phijsrclk to each printhead dot margin times for the each 
printhead IC. Asphijsrclk is not common to both printhead ICs the number of clock cycles can be differed 
to each printhead IC. 

Once the printhead initialization is complete control of the printhead can be released to the PHI to allow 
printing to begin. 

32.8.4 Fire pattern generator 

The fire pattern generator is logic within each printhead IC used to generate the fire pattern and the select 
shift pattern. The fire pattern generator must be initialized by the SoPEC device before a page can be 
printed. The SoPEC uses the CPU direct lO control of the printhead pins to download the initialization 
parameters and generate the inirialization sequence. 
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32.9 Implementation 

32.9.1 Definitions of I/O 



Table 163. Printhead Interface I/O deflnitlon 









Clocks and Resets 


pdk 




In 


System Clock 


phiclk 




In 


Printhead interface dock (dodkfS) used to transfer data from pdkto 
doc/fr domains 


dodk 




In 


Data out dock (2x pc0() used to transfer data to printhead 


prst_n 




In 


System reset, synchronous active low. Synchronous to pdk 


phirst_n 




In 


System reset, synchronous active low. Synchronous to f^k:lk 


dorst_n 




In 


System reset, synchronous active tow. Synchronous to dodk 


General 


phLictj_print^rdy 




Out 


Indicates that the first line of data Is transfened to the printhead 
Active high. 


phi_lcuj)age_finish 




Out 


Indicates that data for a complete page has transferred. Active high 


phi_icu_undemin 




Out 


Indicates the PHI has detected a buffer underrun. Active high 


phi_fcujinesync_int 




Out 


Indk^atos the PHI has detected UneSynclnterrupt number of line 
syncs. 


Debug 


debug_data.oul(2.0] 


3 


In 


Output detHjg data to t>e muxed on to the PHI pins 


debuQ_cntr![2:0) 


3 


In 


Control signal for each PHI bound debug data line Indicating 
whether or not the detMjg data should be selected by the pin mux 


LLU Interface 








nuj'hLdata(1:0][5:0] 


2x6 


Out 


Dot Data from LX.U to the PHI. each bit is a ootor plane 5 downto 0. 
Bus 0 - Even dot data stream 
Bus 1 • Odd dot data stream 

Data is active when conespondtng bit is active In ihj _phLavaU bus 


phLUu_readyI1:0J 


2 


In 


Indicates that PHI is ready to accept data from the LLU 

0 - Even dot data stream 

1 - Odd dot data stream 


nu_phLavailil:0] 


2 


Out 


Indicates valid data present on corresponding Nu j)hi_jiata, 

0 - Even dot data stream 

1 - Odd dot data stream 


Prlnlhead Interface 








phlj>h.dataJI1:0](l:0] 


2x2 


In 


Dot data input from printhead. 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phl-Ph.data_o(1 :0JI1 :0] 


2x2 


Out 


Dot data output to printhead. Each bus to each printhead contains 2 
bits of data 

Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phi _ph_data_e(1 :0](1 :0) 


2x2 


Out 


Dot data directwn control. Pin is driving when high 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phLsrcfk(1:0] 


2 


Out 


Dot data shift dock used to dock in printhead data 

Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 
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Table 163. Printhead Interface I/O definition 











phLreadI 


1 


Out 


Common printhead mode control. Used in conjunction with 
phUsyndio determine the printhead mode 

0 - SoPEC recelvlno, printhead driving 

1 • SoPEC driving, printhead receiving 


phLfrdk 


1 


Out 


Common Rre pattern dock needs to toggle once per fire cyde 


phl_profile 


1 


Out 


Common pulse profile (or all cotore 


phjJsynd_o 


1 


Out 


Capture dot data for next print line, output mode 


phfjsynd^e 


1 


In 


p^L/s^TTCf output enaUe. when high phi_fsynci pin is driving 


phijsyndj 


1 


In 


Une Sync Pulse from Master SoPEC 


PCU Interface 


pcujphtjsel 


1 


In . 

I 


Block select from the PCU. When pcu _phLsel\s high t>oth pcu^adr 
and pcu^dataoutare valW. " 


pcu^iwn 


1 


tn 


Common read/not-write signal from the PCU. 


pou_adr[7:2] 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 
space for this bkx:k. 


pcu.dataout[31:0] 


32 


In 


Shared write data bus from the PCU. 


phi_pcu_rdy 


1 


Out 1 


Ready signal to the PCU. When pftLpot/_/oy is high it indkates the 
last cyde of the access. For a write cyde this means pcu_dataout 
has been registered by the block and for a read cycle this means 
the data on p/iLpctLdEaea is valid. 


1 phi _jx:u_data{31 :0J 


32 


Out ' 


Read data bus to the PCU 
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32.9.2 PHI sub-block partition 



Line Loader Unit (LLU) 




^ J pdk domain (160 Mhx) 



1^ j dodk domain (320 MhjE) j phlclk domain (106 Mhz) 

Figure 243. PHI block partition 



32.9.3 Configuration registers 
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The configuration registers in the PHI are programmed via the PCU interface. Refer to section 21,8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the PHI. 
Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads and 
writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the PHL 
When reading a register tfiat is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of phi^cujdata. Table 164 lists the configuration registers in the PHI 

Table 164. PHI registers description 



Control Registers 


0x00 


Reset 


1 


0x1 


Active low synchronous reset, self de-acth/ating. A 
write to this register wf D cause a PHi k>rock reset 


0x04 


Go 


1 


0x0 


Active high bit Indicating the PHI is programmed 
and rea<fy to use. A low to high transition will cause 
PHI t^tock Internal state to reset. Will be automatic 
caily reset if a page finish or a buffer undenun Is 
detected. 


General Control 


0x08 


PsageLenUne 


32 


0x0000 
JOOOO 


Specifies the number of dot lines in a page. 


OxOc 


PrintStart 


1 


0x0 


A low to high transition triggers printing to start 
Only active (n Master Mode 


0x10-0x14 


DotMargln 


2x16 


0x0000 


Specifies for each printhead 1C. the wklth of the 
margin in dots divided by 2. 

0 - Printhead IC Channel A 

1 - Printhead IC Channel B 


0xia-0x2C 


OotCount(5:0] 


6x32 


0x0000 
_0000 


Indicates the number of Dots used for a particular 
color, where N spedfies a color from 0 to 5. Value 
valid after a write access to DotCotmtSnap 


0x30 


DotCountSnap 


1 


0x0 


Write access causes the ^cot/mOofCounf values to 
be transferred to the OofCounf registers. The 
Ax^umOo/Coiinf are reset afterwards. 


0x34 


PhiHeadSwap 


1 


0x0 


Controls which signals are connected to printhead 
channels A and B 

0 - Normal, specifies bit 0 is channel A, bftl Is 
channel B 

1 * Swapped, specifies bit O is channel B, bit 1 is 
ctiannel A. 


0x38 


PhiMode 


1 


.0x0 


Indicates whether the PHI Is operating in master or 
slave mode 

0 • Stave Mode 

1 - Master Mode 


0x3C>0x40 


PhiSerialOrder 


2x1 


0x0 


Specifies the serialization order of dots before 

transfer to the printhead. 

Bus 0 - Printhead Channel A 

Bus 1 - Printhead Channel B 

A 0 indicates order ABC. while 1 indicates CBA 
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Table 164. PHI registers description 







^^^^ 


m 




0x44-0x48 


PrintHeadSize 


2x16 


0x0000 


Specifies the number of non-margin dots in the 

printhead ICs. If margining is to be used then the 

configured PrintHeadSize shoufd be adjusted by the 

dot margin value i.e, PrintHeadSize » {Physica/- 

PrintHeadSize - {DotMargin * 2)). 

Bus 0 - Specifies prfnthead on Channel A 

Bus 1 - Specifies printhead on Channel 8 


CPU Direct PHI Control (See Table 1 61 .) 


Ox4C 


PrfntHeadCpuIn 


5 


0x00 


PHI intertace pins input status. Only active in direct 
CPU mode 


OxSO 


PrintHeadCpuDfr 


5 


0x00 


PHI interface pins direction control. Only active in 
direct CPU mode 


QxS4 


PrintHeadCpuOut 


10 


0x000 


PHI interface ptns output contiol. Only active in 
cfirect CPU mode 


0x58 


PrintHeadCpuCtrl 


1 


0x0 


Control direct access CPU access to the PHI pins 

0 - Normal Mode 

1 - Direct CPU Control mode 


Line Sync Control 


OxSC 


Lsynctow 


16 


0x0000 


Number of p/ifcffircydes p/iLlsyncr should remain 
low. ' 


0x60 


LsyncHIgh 


16 


0x0000 


Number of p/i/cf/rcydes pNJsyna should remain 
high. 


0x64 


LsyncPre 


16 


0x0000 


Number of phidkcydes between PrintStart rising 
transition and the generated p/iLteync/faUing edge 


0x68 


LsyncMin Period 


24 


0x00.0 
000 


Minimum number of phlcfkc^es lietween Lsync 
pulses. Lsync pulses of a shorter period will be 
rejected. Only used In slave mode. 


0x60 


LsyncOeglftchCnt 


4 


0x3 


Number of phidk cycles to filter the incoming Lsync 
pulse from the ntaster. Only used in slave nxxje. 


0X70 


UneSyncInterrupt 


16 


0x0000 


Number of tine syncs to occur before generating an 
Intenrupt. When set to zero interrupt Is disabled. 


Shift Register Control 


0x74 


SrcUcPre 


14 


0x0000 


Number of p/i/ctfccydes between p/iLfeync/falling 
edge aixl phi^srdk pulse generation, or printhead 
data transfer 


0x78 


SrdkPost 


14 


0x0000 


Number of phicfkcydes allowed margm from last 
srofir pulse in a line to before next line sync 


0x7C-Ox80 


PrintHeadRaie(1.-0] 


2x16 


OxFFFF 


Specifies the active to Inactive ratio of phLstctkfor 
ttie printiiead ICs. A 1 1ndicates AtiSve, 
Bus 0 - Printhead IC channel A 
Bus 1 - Printhead IC channel B 


0x84 


OotOrderMode 


1 


0x0 


Specifies the dot transmit order to the printhead 
Channel A. Printhead Channel B is always the 
opposing order. 

0 - Even before Odd dots 

1 - Odd before Even dots 


Fire Control 


0x68 


Profile Pre 


14 


0x0000 


Number of prUclk cycles phijsynct falling edge and 
phLproffte pulse generation 
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Table 164. PHI registers description 







em 




0x80 


PnofileLow 


14 


0x0000 


Number oi pNdk cycles phLpmSlo should remain 
low. 


0x90 


ProfileHigh 


14 


0x0000 


Number of p/?/c//r cycles phtproUte should remain 

high. 


0x94 


ProfiJeNum 


16 


0x0000 


Number of profile pulses per Dne time. 


0x98 


FfdkPro 


14 


0x0000 


Number of phicUc cycies p/i/^/sync/ falling edge and 
phLfrcfk pulse generation 


0x90 


FrcIkLow 


14 


0x0000 


Number of p/iic^ cycles phi fycPc should remain 
low. 


OxAO 


FrdkHigh 


14 


0x0000 


Number of phidkcydies phLMk should remain 
high. 


0xA4 


FrdkNum 


16 


0x0000 


Number of phLfrcfk pulses per line time. 


Working Reg 


Isters 


OxAS^xAC 


UneDotCnt 


2x16 


0x0000 


Indicates the number of dot processed in the cur- 
rent line 

Bus 0 - Printhead Channel A 
Bus 1 - Printhead Channel B 
(Read Only Registers) 


OxBO 


UneCnt 


32 


0x0000 
_0000 


indicates the number of lines processed in tNs page 
(Read Only Register) 



me coimguranon registers in me PHI block arc clocked at pc!k rates but several blocks in the PHI are 
clocked by different and asynchronous clocks. Configuration values are not re-synchionized, it is therefore 
important that the Go register be set to zero while updating configuration values. This prevents logic from 
entering unknown states due to metastable clock domain transfers. 

Some registers can be written to at any time such as the direct CPU control registers {PrintHeadCpuIn, 
PriFuHeadCpuDir, PrintHeadCpuOut and PrintHeadCpuCtrl), the Go r^ter and the PrintStart register. 
All roisters can be read from at any time. 

When one of the direct CPU control registers are written to the configuration registers block generates a 2 
cycle pulse (cpu_io^\vr) which is used to transfer the pin control signals from the pclk domain to the phiclk 
domain. The cpu^io^wr signal is a delayed version of tiie write enable fit)ra the CPU. 



32.9.4 Dot counter 



The dot counter keeps a running count of the number of dots fired for each color plane. The counters arc 
32 bits wide and will saturate. When the CPU wants to read the dot count for a particular color plane it 
must write to the DotCountSnap register. This causes all 6 ruiming counter values to be transferred to the 
DotCount registers in the configuration registers block. The running coimter values are reset * 

// reset if being snapped 
if (dot_cnt_snap == 1) then{ 

dot.count (5:0) « accuin_dot_count C5 :0J 

accunudot_count:t5:0] = 0 

) 

// update the counts 

for {color=0; color < 6; colors* ) { 

if (accuin_dot_count (color) •= Oxffff_ffff> ( 
// data valid, first dot stream 

data^valid = ( (phi_llu_ready [0] == 1) AND (llu_phi_avail ( 0) == 1)) 
if ((data.valid 1) AND Cllu_phi_dataIO) (color) == 1)) then 
accun^dot_count (color] 
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// data valid, second dot etreom 

data_valid = ( (phi_llu_ready [IJ «.o i) and (lluj)hi_availll] == 1)> 
if ((data^valid == 1) AND (llu_phi_data(l] (color! == 1)) then 
accuiiL-dot_count (color] ♦+ 

} 



J3 



32.9«5 Sync generator 

The sync generator logic has two modes of operation, master and slave mode. In master mode (configured 
by the PhiMode register) it generates the Isyncl^o output based on configured values and control triggers 
from the PHI controller. In slave mode it de-glitches the incoming IsynclJ, signal, and filters the Isyncl sig- 
nal with the minimum configured period. 



ijbLooLSutsfis 



Bflsstpa 



tsyncLo- 1 



counts I ( ' 



aync en^i ANP 

count m IsyncjuB 



count«««l AMD last ffm^ ««n 



count •isyncjoiw 



11 



SyncPre isynci.o- 1 



mrol AND 



^SyrxrWait ^ 4- 



count- 
KneuBt 



count ■ byncjow 
1-1 



count f«Q 
count 



fsvne pMlae 



OQum* lYnc_rniiu)orlod 



wwT^ SyncLow"^ layncco - 0 ^^ ^yncRgriod^ 



Machine ramains in same state by debult 
All outputs are zero untess otherwise stated 
State Descriptton! 
Reset Normal resei state 

.SyncPre: Count the LsyncPre mjmber of docic cydes 
SyncLow: Count the Ls/ncLow numt}er of dock 
cydes 

SyncHigh: Count the LsyncHigh numl>er of dodc 
cydes 

SyncWalt WSait for an input Isync pulse 
SyncPsriod: Count the LsyncMinpertod number of dock 
cydes 



count m isync_Ngh 



count- 



^ ^SyncHigh^ 



count * Isync^pntn^periocl 



tavnc oulaft— ■liWPcQunCaQ 



sync_efT m\ 



To Reset Scato 



fintin>«0 AND IMI irne .=,1 



Figure 244. Sync generator state diagram 



After reset or a pulse on phi^o^ulse the machine returns to the Reset state, regardless of what state it's 
currently in. 

The state machine waits until ifs enabled {sync_en=\) by the PHI controller state machine. When 
enabled it can proceed to the SyncPre ov SyncWait depending on whether the state machine is configured 
in master or slave mode. In master mode it generates the Isyncl pulses, in slave mode it receives and filters 
the Isyncl pulses firom the master sync generator 

On transition to the SyncPre state a counter is loaded with the LsyncPre value, and while in the SyncPre 
the counter is decremented. When the count is zero the machine proceeds to the SyncLow state pulsing the 
line^st signal on transition and loading the counter with LsyncLow value. This indicates to the PHI con- 
troller the line start aligned to the Isyncl negative edge. 
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The machine waits in the SyncLow state until the counter has decremented to zero. It proceeds to the Syn- 
cHigh state and counts LsyncHigh number of cycles. While in LsyncLow state the lsyncl_o output is set to 
0 and in SyncHigh the Isyncljo output is set to 1 . 

When the count is zero and the current line is not the last {lastjine = 0). the machine returns to the Syn- 
cLoMf state to begin generating a new line sync pulse. The transition pulses the Une^t signal to the PHI 
controller. 

The loop is repeated until the current line is the last (lastjine =1), and the machine returns to the Reset 
state to wait for the next page start 

In slave mode the state machine proceeds to the SyncWait state when enabled It waits in this state until a 
lsync_pulse is received from the input de-glitch circuit. When a pulse is detected the machine jumps to the 
SyncPenod state and begins counting down the LsyncMinPeriod number of clock cycles before returning 
to the SyncWait state. On transition from the Syncmiit to the SyncPeriod state the Hnejst signal to the PHI 
controller is pulsed to indicate the line start. While in the SyncPeriod state if &lsync^lse is detected the 
state machine will signal a sync enor (via syne^err) to the PHI contxoller and cause a buffer undenim 
interrupt. 



32,9.5.1 Lsyncllnputde-glltch 



The IsyncJ input is considered an asynchronous input to the PHI, and is passed through a synchronizer to 
reduce the possibility of metastable states occurring before being passed to the de-glitch logic. 

The input de-glitch logic rejects input states of duration less than the configured number of clock cycles 
(lsync_deglitch_cnt), input states of greater duration arc reflected on the output, and are negative edge 
detected to produce the isync^lse signal to the main generator state machine. The counter logic is given 
by 

if ( layncj != lsync_i_delay) then 

cnt = lsync_jdeglitch^cnt 

output^en = 0 
elsif (cnt == 0 ) Chen 

cnt = cnt 

output^en - 1 
else 

cut — 

output_en = 0 



Isync J ■ 



gynchonfzBf 



»syncj,detey 



Counter 
LoQic 



fsync_dog9tt4vjcnt < 



Compare 



Pulse 
Generator 



output en 



Isync^pulso 



Figure 245. Line sync de-glatch RTL diagram 



32,9.5,2 Line Sync Interrupt logic 

The line sync interrupt logic counts the number of line syncs that occur (either internally or externally gen- 
erated line syncs) and determines whether to generate an interrupt or not. The number of line syncs it 
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counts before an internet is generated is configured by the LineSyncInterrupt register. The intemipt is dis- 
abled if LineSyncInterrupt is set to zero. 
// implement the interrupt counter 
if (phi_go_pulflo then 

line^count = 0 
elsif (line_st == 1) AND (line_count == 0)) then 

line_count = linecount_int 
elsif ((line^st 1) AND (line^count 0)) then 

line_count — 
// determine when to pulse the interrupt 
if (linesync_int 0 ) then // interrupt disabled 

phi^icu^linesync.int « 0; 
elsif ((line_st == 1) AND (line_count == 1)) then 

phi_icu_linesync_int = 1 



The fire generator block creates the signal profile for the phijrvlk and phi profile signals to the printhcad. 
The profile is based on configured values and is timed in relation to the fire _^nc pulse from the PHI con- 
troller block. 

n««pflPlll HQ Blhfr»"1 



The fire generator consists of 2 identical state machines for creating the phi Jrclk and phi_profile signals 
respectively* 

The machine is reset to the Reset state when phijgo jfulse ™1 or the reset is active, regardless of the cur- 
rent state. 

The machine waits in the reset state until it receives a fire jt pulse fipom the PHI controller. The controller 
will geneiate ^fire^t pulse at the beginning of each dot line. On the state transition the cycle counter is 
loaded with the FrclkPre value and the repeat coimter is loaded with the FrclkNum value. 



32.9.6 Fire generator 




RreHigh: Count the FrdkHtgh number of cfock cydes 
RreLow: Count the Fircf ktow number of dock cycles 



Machine remains in same state t>y de£eu)t 
All outputs are zero unless otherwise stated 

State Oescription: 

Reset: Normal reset state 

RrePre: . Count the FrclkPre number of dock cydes. 



repeat count set to FrdkNum 



Figure 246. Fire generator state diagram 
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The state machine waits in the FirePre state until the cycle counter is zero, after which it jumps to the Fire- 
High state and loads the cycle counter with FrclkHigh value. Again the state machine waits until the count 
is zero and then proceeds to the FireLow state. On transition the cycle counter is loaded with the FireLow 
value. The state machine waits in the FireLow state while the cycle counter is deci^mented. 

When the cycle counter reaches zero and the repeat^count is non-zero, the repeat_count is decremented, 
the cycle counter is loaded with the FrclkHigh value and the state machine jumps to the FireHigh state to 
repeat ihRphiJrclk generation cycle. The loop is repeated until the repeat jcount is zero. In such cases the 
state machine goes to the reset state and waits for the next fire_st pulse. 

When in the Reset state ihcfire^rdy signal is active to indicate to the controller that the fire generator is 
ready. 



The PHI controller is responsible for controlling all functions of the PHI block on a line by line basis. It 
controls and synchronizes the sync generator, the fire generator, and datapath unit, as well as signalling 



32.9.7 



PHI controller 



Doc; SoPEC_hardwarB_design 

Version: 2.3 



S3 Proprietary Document 



2S Nov 2002 
Page 522 



SoPEC : Hardware Design 



back to the CPU the PHI status. It also contains a line counter to determine when a fiill page has completed 
pruiting. 



Rflsat OR pht go puhtel 

Reset U- 



Reset y 



c 



Jrt-i 



RrstUne 



jne ^ 



«paQ«_iea_lino 



lnQ.oount - 



print_rdy»l 



print rtiirt— 1 



data fin MNP 

gne count <paQe Ian llrw* 
Bne_oount- 



SyncWait ^ sync_«noi 



Ifna &t^^ 

fire^st s 1 
sync^sta 1 



LineTrans 



data fin«i1 AUn 
«na counts, i 
Gne.count- 



ling ANl? ^ 

data finl«i 



syncjan«1 



»^ Undenrun ^ underruruenor «1 



fifQ ffdy«.1 



CLastUne j lasunnooi 



Figure 247. PHI controller state machine 

The PHI controller state machine is reset to Reset state by a reset or phi _go jmlse = 1, 
It will remain in reset until the block is enabled by phi^o 1. Once enabled the state machine will jump 
to the FtrstLine state, trigger the transfer of one line of data to the printhead (data st — 1) and the line 
counter wiU be initialized to the page length (PageLenLine). Once the Une is transfemd (data Jin from the 
datapath umt) the machine will go to Printstart state and signal the CPU using an interrupt that the PHI is 
ready to begin printing (phijcujprint^rdy)^ The line counter wiD also be decremented. It wiU then wait in 
the Printstart state until the CPU acknowledges the print ready signal and enables printing by writing to 
the Prirtiftorr register. r & j & 

The state machine proceeds to the SfynclVait state and waits for a line start condition (line^t =-1). The line 
start condition is diflFerent depending on whether the PHI is configured as being in a master or slave 
SoPEC (the PkiMode register). In either case the sync generator determines the correct line start source 
and signals the PHI controUer via the line_st signal. Once received the machine proceeds to the LineTrans 
state, with the transition triggering the fire generator to start ifire^t), the datapath unit to start (data^t) 
and the sync generator to start isync_sty 
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While in the LineTrans state the fire, sync and datapath unit will be producing line data. When finished 
processing a line the datapath unit will assert the line finished {line Jin) signal. If the Ime counter is not 
equal to 1 (i.e. not the last line) the state machine will jump back to the SyncWait state and wait for the start 
condition for the next line. The line cowter will be decremented. If the line counter is one then the 
machine will proceed to the LastLine state. 

The LastLine state generates one more line of fire pulses to print the last line held in the shift registers of 
the printhead. Once complete {fire Jin =1) the state machine returns to the reset state and waits for the 
next page of data. On page completion the state machine generates a phijcu _page Jinish intenrupt to sig- 
nal to the CPU that the page has completed, the phijcujjage Jinish will also cause the Co register to reset 
automatically. 

While the state machine is in the LineTrans state (or in FirstLine state and the PHI is in slave mode) and 
waiting for the datapath unit to complete line processing, it is possible (e.g. an excessive PEP stall) that a 
new line start condition occurs but the datapath unit is not ready. In this case an undemm error is gener- 
ated. The state machine goes to the Underrun state and generates a phi_icujundemin interrupt to the 
CPU. The PHI cannot recover from a buffer undemm error, the CPU must reset die PEP bloclcs and re- 
start printing. The phijicujunderrun will also cause the Co register to reset automatically. 



32.9.8 CPU lO control 



The CPU lO control block is responsible for accepting CPU direct lO control signals from the configura- 
tion registers (atpclk frequency) and transferring them to phiclk frequency. It also accepts the input signals 
from the printhead and re-synchronizes them to the pclk domain, and debug signals from the RDU and 
muxes them to output pins. 

Table 161 contains the direct mapping of configuration registers to printhead lO pins. Direct CPU control 
is enabled only when PrintHeadCpuCtrl is set to one. In normal operation (Le. PrintHeadCpuCtrl 0) 
the printhead data pins are always in output mode {phi_phJUita^e = 1), the phijsyncl will be in ou^ut if 
the SoPEC is the master, Le. phijsyncl_e = phi^ode, and readl will be set high. 

The pseudocode for the CPU lO control is: 

if (prlntheadl_cpu_ctrl «« 1) then // CPU access enabled 
// outputs 

phi_ph_da ta_o [ 0 ] ( 1 : 0] = pri nthead^cpu_out [1:0] 
phi_ph_data_o C 1 ] ( 1 : 0 1 = pr intheadLcpu_out [3:2] 
phi_lsyncl_o « printhea4_cpu_out [4] 

phi^readl = printhead_„cpu_out (5) 

phi_ercllc(l:0) « printhea<3_cpu_cut (7 :6] 

phi^f rclk = .printhead_cpu_out [8] 

phi_pro£ile = printhead_cpu_out [9] 

// direction control 

phi_jjh_data_eCO) [1:0] • printhead_cpu_dir [1:0] 
plii_ph_data_eCl] (1:0) = printhead^cpu_dir[3:2] 
pJ^i_lsyncl_e « printhead_cpu_dir [4) 

// input assignments 

printhead_cpu_in[l :0] = synchronize <phi_ph_data_i [0] [1 : 0) ) 
printhead_cpu_in [3:2] = synchroniz e ( phi_ph_data_i [ 1 ) [1:0]) 
pr in thead_cpu_in ( 5 J = synchron i ze ( phi_l syncl^i ( 0 ] ( 1 : 0 J ) 
else / / normal connections 
// outputs 

phiLph_data_o(0] [1:0] = ph_data [0] [ 1 :01 
phi_ph_data_o[l} (1:0) = ph_data (1 J [1 :0] 
phi_lsyncl_o = lsync_o 

phii.readl = 1 

phi_srclk[l:0] > srcllctl:OJ 

phi_frclk « frclk 

phi^rofile - pro£ile 

// direction control 
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phi_ph_data_e(0] [1:0J = 0x3 
phi_ph_data_etll [1:0] = 0x3 

phi_lsyncl_e » phi_inode // depends on Master or Slave mode 

// Inputs 

Isyncl^i » phi_lsync_i // connected regardless 

// debug overrides any other connections 
if (debug_cntrl[0] »5» X) then 

phi_frclk s debug_data_out[0) 

phi_.readl a pclk 

if (debug.cntrllU == 1) then 

phi^rofile « debug_data_out [ 11 

if (debug_cntrl[2] 1) then 

phi_lsyncl_o debug_data_out 12] 

phi_lsyncl_e - 1 

The debug signalling is controlled by the RDU block (see Section 1 1.8 Realtime Debug Unit (RDU)), the 
lO control in the PHI muxes debug data onto the PHI pins based on the control signals from the RDU. 
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32.9.9 Datapath Unit 




phl_88rfal_0fde((1] 



print.head.tize(0] 



phi_9erial_onleilO] 



[^^ ^ j pdk domain (160 Mhz) 



t I dodkdonialn(320Mhz) i i pNdk dom^n (106 Mtu} 
Figure 248. Datapath Unit partition 



Doc: SoPEC_hardware_destgn 
Version: 2.3 



S3 Proprietary Document 



J89 Nov 2002 
Page 526 



SoPEC : Hardware Design 



S3 



32.9«10 Dot order controller 

RgsetORphi OQ ftiii^r,^! 



Reset 



dat.order_idy «i 



date stcsl 
dot_cat_rst = 1 



UneStart 



inode^sel « dot_order_fnode 
gon_en[OJ c -(mld_ptfOD 
Oeruen[l] « -(mld_pqi j) 



mid otfl-QWii 



Madiine remains in same state by default 
All outputs are zero unless otheiwise stated 

State Description: 

Reset Nomial reset state 

tJnestart: Start processing first part of the line, wait for 
both mld_pt to be active 

LineMId: Switch over wait state allow pipeline to dear 

UneEnd: Line end processing wait for both Rne_fin to be 
active 



^ UneMid ^ 



mcMle.set a dot_order,moda 
gen_onIO] « 0 
Osn.enllivO 



mode^sel « ><dot_ord8r.jtx>de) 



Figure 249. Dot Order controller state diagram 



The dot order contxoUer is responsible for controlling the dot order blocks. It monitors the status of each 
block and determines the switch over point, at which the connections from odd and even dot streams to 
printhead channels are swapped. 

The machine is reset to the Heset state when phi^o^ulse = 1 or the reset is active. The machine will 
wait until it receives a data:_fit pulse from the PHI controller before proceeding to the LineStart state. On 
the transition to the LineStart state it will reset the dot counter in each dot order block via the dot cnt_rst 
signal. ~" 

While in the LineStart state botfi dot order blocks are enabled (gen_en^\). The dot order blocks process 
data until each of them reach their mid point. The mid point of a line is defined by the configured printhead 
size (i.e. printjiead^size). When a dot order block reaches the mid point it immediately stops processing 
and waits for the remaining dot order block. When both dot order blocks are at the mid point (mid^t -= 
1 1) the controller clocks thxough the LineAfid state to allow die pipeline to empty and immediately goes to 
LineEnd state. 

In the LineEnd state the mode^el is switched and the dot order blocks re-enabled, in this state the dot 
order blocks are reading data from the opposite LLU dot data stream as in LineStart state. The controller 
remains in the LineEnd state untU both dot order blocks have processed a line i.e. line Jin =11. 

On completion of both blocks the controller returns to the Reset state and again awaits the next data_^t 
pulse from the PHI controller. When in Reset state the machine signals the PHI controller that it's ready to 
begin processing dot data via the dot_order_rdy signal. 
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The dot order controller selects which dot streams should feed which printhead channels. The order can be 
changed by configuring the DotOrderMode register. In all cases Channel A and Channel B must be in 
opposing dot order modes. Table 158 shows the possible modes of operation. 



Table 165. Mode selection In Dot order controller. 











A 


0 


0 


Even before Odd <E60 mode), even dot stream feeds 
Channel A printhead, first half Itne. 




0 


1 


Odd before Even (OBE mode), odd dot stream feeds 
Channel A printhead. first half line. 




1 


0 


Even before Odd (EBO mode), even dot stream feeds 
Channel A printhead, second half line. 




1 


1 


Odd before Even (OBE mode), odd dot stream feeds 
Channel A printhead. second half line. 


8 


0 


0 


Odd before Even (OBE mode), odd dot stream feeds 
Channel B printhead, second half line 




0 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel B printhead. second half line. 




1 


0 


Odd before Even (OBE mode), odd dot stream feeds 
Channel B printhead. first half line. 




1 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel B printhead, first half line. 



32.9. to. 1 Dot order unit 

The dot order control accepts dot data Srom either dot stream from the LLU and writes the dot data into the 
dot buffer. It has two modes of operation, odd before even (OBE) and even before odd (EBO). In the OBE 
mode data from the odd stream dot data is accepted first then even, in EBO mode it*s vice versa. The mode 
is configurable by the DotOrderMode register. 

The dot order unit maintains a dot count that is decremented each time a new dot is received firom the 
LLU. The dot order controller resets the dot counter to the printjiecuijsize[15:0] at the start of a new line 
via the dot_cnt_rst signal. The dot count is compared with the printhead size {printjiead jsize[l5:0] 
divided by 2) to determine the mid point (mid^i) and the line finish point (line Jin) when the dot counter 
is zero. 

The mid point is defined as the half the number of dots in a particular printhead, and is given by the 
printjieadjsize bus. 
// define the mid point 

if (dot_cnttl5:0] »» print_head^size(lS :1] )then 

midupt = 1 
else 

mid_pt « 0 

The dot order unit logic maintains the dot data write pointer. Each time a new dot is written to the dot 
buffer the write pointer is incremented. The fill level of the dot buffer is determined by comparing the read 
and write pointers. The fill level is used to determine when to backpressure the LLU (ready signal) due to 
the dot buffer filling. A suitable threshold value is determined to allow for the fidl LLU pipeline to empty 
into the dot buffer. 

The dot order stalling control is given by: 

// determine the ready/avail signal to use, based on mode select 
if (mode.sel == 1) then 

dot_active = llu_phi^avail (01 AND ready 

wr_data = llu_phi_data(0] 
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else 

dot_active = llu_phi_avail tlj AND ready 

wr_data = llu_phi_data[lj 
// update the counters 
if (do tractive 1) then { 

wr_en = 1 

wr«adr +♦ 

if (dot_cnt «a 0) then 
I dot_cnt « print_head_si2e 

else 

dot_cnt — 

) 

The dot writer needs to determine when to stall the LLU dot data stream. A number of factors could stall 
the dot stream in the LLU such as buffer filling, waiting for the mid point, waiting for die line finish or the 
dot order controller is waiting for the line start condition firom the PHI controller. 
The stall logic is given by: 

// determine when to stall the 1AA3 generator 
fill_level = vn:_adr - rd«adr 

if (fiH_level > (32 - THRESHOLD ) ) then // THRESHOLD is open value TBD 

ready =0 // buffer is close to full 

els if ( gen_en == 0) then 

reac^ = 0 // stalled the datapath controller 

else 

ready =1 // everything good no stall 
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3Z9.i0.2Data generator 

»^ Reset ^ dai*^j&» .1 



count ««Q 



RflSfitORotri aft nuNai^i 



count «• trdKjnLioad 



r (SrclkPreJ 




Machine remains in same state by default 
All outputs are zero unless otherwise stated 

State Description: 

Reset: Normal reset state 

SrdkPre: Count the SrclkPre number of dock cycles 

DataGen: Read Une Dot data from twffer 

MarginGen: Generate DotMargIn number of dots 

SrdkPost: Walt for SrdkPost number of cydes 



count ~, 



yy—^ — \ 

I rMarginGen j 



count* sfcfK_post 




Figure 250. Data generator state diagram 

The data generator block reads data from the dot buffer and feeds dot data to the printhcad at a configured 
rate (set by the PrintheadRate). It also generates the mazgin zero data and aligns the dot data generation to 
the synchronization pulse from the PHI controller. 

The data generator controller waits in Reset state until it receives a line start pulse from the PHI controller 
(datajst signal). Once a start pulse is received it proceeds to the SrclkPre state loading a counter with the 
SrclkPre value. While in this state it decrements the counter. No data is read or output at this stage. When 
the cotmt is zero the machine proceeds to the DataGen state. 

On transition it loads the counter with the printhead size (print Jiead_size). If margining is to be used then 
the configured print^headjsize should be adjusted by the dot margin value i.e. print Jtead jize = 
{physic€d_printjkead_size - {dot^margin * 2)). 

While in DataGen state data is read from the dot buffer and output to the printhead The counter will dec- 
rement for every dot data word transferred. The exact rate is dictated by the dot buffer fill levels and the 
configured printhead rate {PrintheadRate). 

The generator determines the rate by incrementing a rate coimter (rate^cnt) while in the DataGen state. 
The rate counter is allowed to wrap normally. If the bit selected by the rate_cnt in the print Jiead_rate bus 
is one data is transferred, otherwise the cycle is skipped. If the PrintHeadRate is set to all zeros then no 
data will ever get transferred. The pseudo-code for the DataGen state is given by: 
// increment the rate count 
ra te.cn t ♦-»■ 

// determine if data should be read 



Doc: SoPEC_hardwafe_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 530 



SoPEC : Hardware Design 



// first determine if data is available in buffer 
if (rd^adr != wr_adr ) then 

if (print_hea4_rate[rate_cntJ == 1 ) then 

detractive = 1 

gate.srclk = 1 

rd^adr 

dot.data - rd_data 
count — 
else 

dot_active = 0 
gate^srclk » 0 

else 

dot_active « 0 
gato_srcl)c a o 

When the counter reaches zero the state machine will jump to the MarginGen state if the configured mar- 
gin value is non-zero, otherwise it will jump directly to the SrclkPlost state. On transition to MarginGen 
state it loads the cycle counter with the dot^margin value, and begins to count down. While in the Margin- 
Gen state the data generator logic block writes dot data to the printhead but does not read from the dot 
buffers. It creates zero dot data words for the margin duration. 

When the counter reaches zero the machine juimps to the SrclkP^t state, loads the clock counter with the 
SrdkPost value and decrements. When the count is finished the state machine returns to the Reset and 
awaits the next start pulse. Should a line sync arrive before the data generators have completed (data Jin 
signal) the PHI controller will detect a print error and stall the PHI interface. 

32.9.10.3 Data seriallzer 

The data senalizer block converts 6-bit dot data at phiclkrates (nominally 106 MHz) to 2-bit data at docik 
rates (nominally 320 MHz). 

PhWk. I \ ! I I I I 1 



dodk I 
doL.datal5:0} 

ph_data(1.'0] 
mux_sel 

gate.srdk 
gate_8rclk.del 
srcXk 



Invafkj 



3C 



Vand[5:0] 



") ( VaiidlSrO] ^ Invalid . " ) ( 



"L_rL_r]_rL_n_rLr 



Figure 251. Data seriafizer tinning 



The srrlk is only active when data is available for transfer to the printhead, as enabled by the gate_srclk 
signal. The data rate mechanism in the data generator block will mean that data is not transferred to the 
printhead on every pkiclk cycle. Both the dotjiata and gate^srclk signals are clocked out by the phiclk and 
can only change on the rising of phiclk. 
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The data scrializer block allows easy separation of clock gating and clock to logic structures from the rest 
of the PHI interface. All regUters in the block are clocked at daclk taxes. 



phead.swap « 

dot_data[0}t5:01 . 

doCdata[1][5:0] - 



phldk- 
phLseriaLoRfdr- 



Mux Logic 



piieadLsMap- 
Oale.8rcn<p) - 

gate.srdkfl] - 



doclk - 



dot^data|3:21 ^ 



dot_data[5:4> ^ 



mux_sei 



Qate_srdk del 



■> ph_data(1:0) 



» src0c 



Ftguro 252. Data soriallzer RTL Oiagram 

The mux logic determines which data bits from the dotJUua bus should be selected for output on the 
phJUita to the printhead. The selection is dependent on the phiclk edge, 
if (phiclk «» 1) then 

mux.sel B 1 
elsif ( mux^sel «== 2 } Chen 

miix_eel = 0 
else 

The dot data serialization order can be configured by PhiSerialOrder register. If the PhiSerialOrder is zero 
the order is dot[l:OJ, then dotP:2J then dot[5:4]. If the register is one then the order is dot[5:4J. dot[3:2], 
dot[l:0]. 
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33 Test Units 



33.1 JTAG INTERFACE 



A standard JTAG (Joint Test Action Group) Interface is included in SoPEC for Bonding and lO testing 
purposes. The JTAG port will provide access to all internal BIST (Built In Self Test) structures. 



33.2 Scan Test I/O 



The SoPEC device will require several test lO's for running scan tests. In general scan in and scan out pins 
will be multiplexed with fimctional pins. 

33.3 Analog Test Units 

33.3.1 USB PHY Testing 

The USB phy analog macro, wUl contain built-in in test structure, which can be access by either the CPU 
or through the JTAG port 

33.3.2 Embedded PLL Testing 

The embedded clock generator PLL will require test access from JTAG port. 
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34 SoPEC Pinning and Package 

34.1 Overview 

It is intended that the SoPEC package be a 100 pin LQFP. Any spare pins in the package may be used by 
increasing the number of available GPfO pins or adding extra power and ground pin. The pin list shows the 
minimum pin requirement for the SoPEC device. 



Table 166. SoPEC Pin Usl 













CiocScs ana res«t 


s 






xtalin 


1 


1 


TBD 


N/A 


xtalin 




xtatout 


1 


O 


TBD 


N/A 


xtalout 




resacn 


1 


1 


LVI JL 


2.5V 


reseL.n 


Asynchconous active low reset 


Prf Rttiead Intsrf ac 


:e 








ph_data(0]p)] 


2 


o 


LVOS 


3.dv 


phLpJu€JatB_o[OJO] 


Oct data tef cotors 0-2 tor Prlnthead 0, 
Using differential signamng 






1 


LVTTL 




phl_ph_elataJO] 


Input mode tjit used for nozzTe test 
result printhead 0 


pn.data[0][i] 


2 


o 


LVOS 


3.3v 


phij)h_data_otOHll 


Dot data for colors 3-5 far Prkithead 0. 
Using differential signalling 






1 


LVTTL 


3.3V 


phf-ph.datajll] 


Input mode btt used for temperature 


phjdata(1](0J 


2 


o 


LVDS 


3.3v 


phLp}L.datB_o(1](0] 


Dot data tor colors 0-2 for Prlnthead 1. 
Using diffarentiaJ signaBIng 






1 


LVTTL 


3.3v 


phl_ph_data_l[1) 


Input mode bit used for nozzle test 

result prlnthead 1 


ph.data(tRi] 


2 


o 


LVDS 


a3v 


pHLpl>-daia_o(1HlJ 


Dot data for colors 3-5 for Printhead 1. 
Using diffarentlal signalling 






1 


LVTTL 


3.3v 


phLpfL.data_?l) 


Input mode l>lt used for temperature 
data prlnthead 1 


srclk(0] 


2 


o 


LVOS 


3.3v 


phLsrcil^O] 


Difiarantial dot data shift dodc lor print 
headO 




2 


o 


LVDS 


3-3v 


pm_srclK(1] 


Differential dot data shift dock for print 
headi 


reacfl 


1 


o 


LVTTL 


a3v 


phLreadl 


Common Prbit head mode oontrDi 


fidk 


1 


o 


LVTTL 


3-3v 


phljffdk 


Common Rre pattern shift dock, needs 
to toggle onoe per fire cyde 


profile 


1 


o 


LVTTL 


3.3v 


phLprofDe 


Common Pulse profile for an oolofs 


bynci 


1 


o 


LVTTL 


3.3v 


phLlsynd^o 


Une Sync output from Master to Slaves 






1 


LVTTL 


3.3v 


phi_lsynd_J 


Une Sync input to Slaves from Master 


USB Connoctlons 




usbd 


2 


I/O 


Dlffereo 
tial 


3.3v 


Direcx Phy Connection 


USB differential data 


JTAQ 






tdo 


1 


o 


CMOS 


2^ 


tdo 


JTAG Test data out port 


tms 


1 




CMOS 


2.5v 


tms 


JTAG Test mode select 




1 


1 


CMOS 


2.5v 


tdl 


JTAG Test data m port 


tck 


1 


1 


CMOS 


2.5v 


tck 


JTAG Test access port dock 


General Purpose lO 
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Table 166. SoPEC Pin List 



Opto(3:0] 


4 


O 


CMOS 


2.5V 


0Pto.o(3:0J 


uM%ft futis f geneiai purpose 

Output 






\ 


CMOS 


2.5v 






flpioC7:4| 


4 


o 


High 
Drive 
CMOS 


2.SV 


gpio.o[7:43 


ucv onver pins / genorBi purpose Out- 
put 






1 


CMOS 


2.5v 


fipioJr7:41 


General purpose Input 




4 


0 


OpCQ OOl- 

lectc»^ 


2.5v 


gpto,o(11:8) 


LSS Inteilaoe pins / generaf purpose 
Output 






i 


CMOS 


2.5v 




LSS interface pins / general purpose 


Qptell3:l2j 


2 


o 


CMOS 


2.SV 


gpio_o(13:12] 


iSl inteiface pins / general purpose 

Output 






1 


CMOS 


2.5v 


flpteJI13:iaj 


ISl interlaca pins / general purpose 

input 


Test Pins 










test_enable 


1 


1 


CMOS 


2.5v 


TBO 


Test Enable 


oeneric^lest 


5 


vo 


CMOS 


2.5v 


TBD 


Generic test ptn. function undefined 


Total Signal 
Pins 


45 
















Power Pins 








flnd 


18 




Power 


N/A 


flrtd 


gnd 


vdd " 


10 


1 


Power 


N/A 


vdd 


vdd 1 .5v, core voltage 


vdd2S0 


3 


1 


Power 


N/A 


vdd250 


vdd 2.5v.iO voltage 


vtfd330 


5 


1 


Power 


N/A 


vdd330 


vdd 3.3V.IO voltage 


Total Pins 


81 
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Memjet Printhead 



i3 
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35 Memjet Printhead 

This section is quoted verbatim ftom SoPEC/MoPEC Bilithic Printhead Reference document [10]. 

35.1 Background 

Silverbrook*s bilithic Memjet™ phntheads are the target printheads for printing systems which will be 
controlled by SoPEC and MoPEC devices. 

This document presents the format and structure of these printheads, and describes the their possible 
airangements in the target systems. It also defines a set of terms used to differentiate between the types of 
printheads and the systems which use them. 

35.2 Companion Documents 

Currently, this document is only concerned with the structure of the prindieads and their systems* with 
regard to the way in which dot data is loaded. 

Refer to the Bilithic Printhead Specification [2] for the complete description of the functionality of these 
devices. 

This document relies on certain definitions and details presented in Bilithic Printhead Specification [2]. 

35.3 Definitions 

This document presents terminology and definitioiiis used to describe the bilithic printhead systems. These 
terms and definitions are as follows: 

« Printhead TVpe - There are 3 parameters which define the type of printfaead used in a system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with the printhead 

shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row, with respect to ). 

• Printhead footprint (type A or type B, characterized by the data pin being on the left or the right of 

K+ where K+ is at die top of the printhead). 

• Printhead Arrangement ^ Even though there are 8 printhead types, each arrangement has to use a spe- 

cific pairing of printheads, as discussed in Section 3S.4. This gives 4 pairs of printheads. However, 
because the paper can flow in either direction with respect to the printheads, there are a total of eight 
possible arrangements, e.g. Arrangement 1 has a Type 0 printhead on the left with respect to the 
paper flow, and a Type 1 printhead on the right Arrangement 2 uses the same printhead pair as 
Arrangement 1, but the paper flows in the opposite directioa 

• Color Q is always the first color plane encountered by the paper. 

• DotO is defined as the nozzle which can print a dot in the left*most side of the page. 

• The Even Plane of a color corresponds to the row of nozzles that prints dot 0. 

Note that throughout this document, where the various printheads and systems are presented, the print- 
heads always shoot ink down onto the page. 

Figure 253 shows the 8 different possible printhead types. Type 0 is identical to the Right Printhead pre- 
sented in Figure 3 in [2], and Type 1 is the same as the Left Printhead as defined in [2]. 
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While theprintheads shown in Figure 253 look to be of equal width (having the same number of nozzles) it 
is important to remember that in a typical system, a pair of unequal shed printheads may be used. 
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Figure 253. Printhead Types 0 to 7 

Tabic 167 defines the printhead pairing and location of the each printhead type, with respect to the flow of 
paper, for the 8 possible arrangements 

Table 167. Definition of the different printhead arrangements 







%^rint head;pnirig ht:s^^^ 
^^^^^^^^^^ 


Arrangement 1 


TypeO 


Type 1 


Anangement 2 


Type 1 


Type 0 


Arrangement 3 


Type 2 


Types 


Arrangement 4 


Type 3 


Type 2 


Anrangement 5 


Type 4 


Types 


Arrangement 6 


Types 


Type 4 


Arrangement 7 


Typo 6 


Type 7 


Arrangement 8 


Type 7 


Types 



Doc: SoPEC_harcfware_design S3 Proprietary Document 

Version: 2.3 



^9 Nov 2002 
Page 539 



SoPEC : Hardware Design 



S5 



35.4 BlUTHic Printhead Systems 



When using the bihthic printheads, the position of the power/gnd bars coupled with the physical footprint 
or the pnntheads mean that we must use a specific pairing of printheads together for printing on the same 
side of an A4 (or wider) page. e.g. wc must always use a Type 0 printhead with a Type 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of printheads this docu- 
ment only presents two of them. Arrangement 1 and Arrangement 2. for purposes of iUustration These 
two arrangem ents are discussed in subsequent sections of this document. However, the other 6 possibilities 
also need to be considered. 

TTic main difference between the two printhead arrangements discussed in this document is the direction 
of the paper flow. Because of this, the dot data has to be loaded differently in Arrangement 1 compared to 
Arrangement 2, m order to render the page correctly. 



35.4.1 Example 1 : Printhead Arrangement 1 

Figure 254 shows an Arrangement 1 printing setup, where the bilitfaic printheads are arranged as follows- 

• The Type Oprmthead IS on the left with respect to the direction of die paper flow. 

• The Type 1 printhead is oil the right 



vSSon° 2?"*'^'^'^-''^'^ ®^ Proprietary Document ^ Nov 2002 
' Page 640 



SoPEC : Hardware Design 



Type 0 Printhead 



Type 1 Printhead 



The printheads are facing downwanls. 
The ink is being shot down onto the page. 
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Figuro 254. Identification of printheads noares and shfft-register sequences for printheads in 

Arrangement 1 

Table 168 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensure color 0-dot 0 appears on the left side of the printed page. 



Table 168. Order In which the even and odd dots are loaded for printhead Arrangement 1 
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Figure 255 shows how the dot data is demultiplexed within the printheads. 
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Figure 255. Demultiplexing of data within the printheads fn Arrangement 1 

Figure 256 and Figure 257 show the way in which the dot data needs to be loaded into the printheads in 
Arrangement 1, to ensure that color 0>dot 0 appears on the left side of the printed page. 
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Figure 256. Signalling for a Type 0 printhead in Arrangement 1 
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Rgure 257. Signalling for a Type 1 printhead In Arrangement 1 




35.4.2 Example 2: Printhead Arrangement 2 

Figure 258 shows an Arrangement 2 printing setup, where the bilithic printheads arc arranged as follows: 

• The lype 1 printhead is on the left with respect to the direction of die paper flow. 

• The Type 0 printhead is on the right. 
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The printheads are facing downwards. 
The ink is being shot down onto the page. 
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Figure 258. Identification of printheads nozzles and shift-register sequences for printheads in 

Arrangement 2 

Table 169 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensute color 0-dot 0 appears on the left side of the printed page. 

Table 169. Order in which the even and odd dots are loaded for printhead Arrangement 2 
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Figure 259 shows how the dot data is demultiplexed within the printheads. 
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Figure 259. Demuitiplexing of data within the printheads in Arrangement 2 



Figure 260 and Figure 261 show the way in which the dot data needs to be loaded into the printheads in 
Arrangement 2, to ensure that color 0-dot 0 appears on the left side of the printed page. 

Rgure 260. Signalling for a Type 0 printhead in Arrangement 2 
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Figure 261. SignalHng for a Type 1 printhead in Arrangement 2 



35.4.3 Conclusions 



Comparing the signalling diagrams for Arrangement 1 with those shown for Arrangement 2, it can be seen 
that the color/dot sequence output for a printhead type in Arrangement 1 is the reverse of the sequence for 
same printhead in Arrangement 2 in temis of the order in which the color plane data is output, as well as 
whether even or odd data is output first. However, the order within a color plane remains die same, i.e. odd 
descending, even ascending. 

From Figure 262 and Table 1 70. it can be seen that the plane which has to be loaded first (i.e. even or odd) 
depends on the arrangement. Also, the order in which the dots have to be loaded (e.g. even ascending or 
descending etc.) is dependent on the arrangement 
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If the device controlling the printheads can re-order the bits according to thie following criteria, then it 
should be able to operate in all the possible printhead arrangements: 

• Be able to output the even or odd plane first. 

• Be able to output even and odd planes in either ascending or descending order, independently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to the printhead 
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figure 262. All 8 Printhead Arrangements 



Table 170. Order In which even and odd dots and planes are loaded Into the various printhead 
arrangements 
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Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascendrng loaded second 


Arrangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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Table 170. Older In which even and odd dots and planes are loaded Into the various printhead 
arrangements 
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